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INTRODUCTION 

I 
I 
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I -  

This Chemicals of Concern Technical Memorandum is preseged as part of the Basehe R s k  
Assessment (BRA) for the 903 Pad, Mound Area, and EakDenches Area, otherme known 
as Operable Unit 2 (OU-2), located at Rocky F1 ich consists of the 
Human Health h k  Assessment (HHRA) and th Evaluation, wdl be mcluded 
m the Phase I1 RCRA Fachty Investigation/Rem /RI) report for OU-2 
The RFI/RI 1s bemg conducted pursuant t of Energy (DOE) 
Envnonmental Restoration Program, a Co en DOE, the US 
Enwonmental Protection Agency (EPA), hcklhe State of Colorado Department of Health 
(CDH), and the Federal Fachty Agreemerit and-nsent Order (Interagency Agreement), 

/ 

I signed m 1991 ~ Lz. P’ 
a <  xa 

Thls technical memorandum ha 
concern to be evaluated m the I$ 
of concern wdl also help focus 
transport modehg, description 

ress the selection of chemicals of 
e identlfication of chermcals 

wonmental Evaluation, envnonmental 
tammation, and remedy selection 

and off-site receptors under 
the conditions, assummg no remedial action takes 
te-related chemicals or radionuchdes (1 e ,  those that 

ound range, and that could be 
der the exposure conditions 

e idenuied for each medium (e g , groundwater, sod, or alr) 
Therefore, the selection of 

chemids of concern sbpports the quantdication of risk from exposure to chemicals via the 
expohqe patbways identded m the Exposure Scenarios Technical Memorandum No 5 (EG&G 

\ % 

”%, 

1993) ”%\ %% 

B 
This technical memorandum focusses on selectmg chemicals of concern m groundwater, 
subsurface sod, and surface sod, which were the media sampled durmg the Phase I and Phase I1 
RFI/RI at OU-2 Exposures can also occur through the an and surface water pathways 
Chemicals of concern for an and surface water are those detected m sod or groundwater that 
could be transported by an or could migrate from sod or groundwater to surface water exposure 
pomts 
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This Technical Memorandum describes the process for selectlng chemicals and radionuchdes 
of concern detected m groundwater, subsurface sod, and surface sod at OU-2 and summarnes 
the chemicals and radionuchdes of concern for each medium The general process to select 
potential chemicals of concern m groundwater, subsurface and surface sods 1s described m 
Section 2 0 Sections 3 0, 4 0 and 5 0 present decision critegq specdic to each medmm and 
identlfy the chemicals of concern selected for each medium, References used ln this document 

i 
' " e  

are provided m Section 6 0 

Appendrx A, "Background Comparlson for Metals 4dkadio 
methodology used to compare OU-2 data to ba;ckground d 
radionuchdes whose concentrations exceed ba& und levels 
related 

** 
J ,p"\ * ' \  

escribes the statlstical 
dent@ metals and 
ay therefore be site- 

These metals and radionuchdesa&d retamed for further evaluation as potential i 
chemicals of concern 

Appendlx B, "Fbsk-Based Evaluation of Low:& 
mfrequently detected compoun 
further evaluation as potential 

Appendrx C contams a 
September 10,1992 
unit for evaluation OM 

Compounds," presents the screenmg of 
quency) to identlfy those that merit 

mestic Water Supply Sunulabons," 
n of the No 1 sandstone hthologc 

mi on-sits mgestion of groundwater 
r( 

(4034 263-0049 YO) (TM-9) (01/19/93 1.57pm) 

__-. ~ . Z . & .  = - *  
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2.0 
CHEMICALS OF CONCERN SELECTION PROCESS 
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I 
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The general methodology for selectmg chemicals of concern f 0 ~ 0 U - 2  is presented m Figure 2-1, 
Criteria for Identlfymg Chemicals of Concern The proceB 1s mtended to identlfy chemicals 
m each medium that appear to be associated with soureesm OU-2 and could have adverse 
unpacts on pubhc health under exposure conditions m v 4 v j q  edium In this way, the risk 
assessment is focussed on OU-2 constituents that,' arf pot th hazards Inorganic 
compounds whose concentrations are withm background range or m h q  chstituents (e g , rarely 
detected and/or of low toncity) that would codrihte neghgbly or not at all to overall risk are 
identdied but are not mcluded m the qua&t&ve rlsk assessment It is lmportant that the 
chemicals of concern be car is not underestunated and so as not to 
dlstract from the dommant rlsks associa4 

This selection process was nhd m hsk Assessment Guidance for 
Superfund, Volume I, Humaq' hnual,  Part A (EPA 1989a) The 
background comparison meth the Fmal Background Geochemical 
Characternation Report, 1992a) and on standard statlstical 

P 

p i 

L 

ke 
evaluation techniques =% 

\ 

m the followmg sections were apphed to select 
(groundwater, subsurface sod, and surface sod) 

ss for each medium are presented m Sections 3 0  Detads of the 

ow Each step is described m more 
detd M:subsections 2 1 through 2 5 

Step 1 - S<$eclfiC Chemical Analysis Roster 

Table 2-1 is the Site-Spec& Chemical Analysis Roster (SSCAR) for the Phase 11 samphg 
program at OU-2 Analytical results for all detected compounds m the followmg analyte groups 
are mcluded m the data set for evaluation as potential chemicals of concern for risk assessment 
metals (target analyte hst and "other metals"), radionuchdes, and organics 

-\ 1 
*% 9 I 

%% 
k* 



Step 2 - Data Evaluation 

The analytical results from the OU-2 samphg program were reviewed and complied m a 
database by the vahdation contractor Data vahdation was performed for some but not all of 
the data prior to use The database was then reviewed for its spitabhty for selectmg chemicals 
of concern For example, data qualdlers were considered and quahty control samples were 
removed from the database 

Step 3 - Background Comparison (Metals and Raddny6hdes)-r; ‘N,~ 

Analytical results for metals and radionuchdes $e$compared to back2ound levels Those that 
did not exceed background were e h m a t e g r h  further consideration as potential chemicals 
of concern uate whether a metal or radionuchde 
exceeded background levels 

*‘ a %% k\* 

‘*., \%\ 

% 

@ The followmg criteria werwuqkd to 

a es were compared to the 95 percent 
ound data If less than 5 percent 

, the constituent was considered to be 
variance (ANOVA) was used to confirm 

of the results 

thls assessment 

b And radionuchdes were statistically compared to 
Background Geochemical Characternation Report 

of variance (ANOVA) If no statistical ddference 
was fo 

-** 
e was considered to be withm background range 

sg ,/ /@”-e “** 

/& *J Spatial+xnpor~’evaluation of analytes that appear to exceed background was 
performEd to identlfy those that are unllkely to be related to sources m OU-2 

d 4 

Step 4 - 

Constituents such as  calcium, potassium, won, and carbonate were ehmated  from further 
consideration as chemicals of concern due to low tomcity 

e &erp”tial nutrients and anions 

i r *  

(4U34-ZSOO49-540) w.9) (07/19/93 15lpm) 2-2 
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Step 5 - Detection Frequency 

All detected organic target analytes and morganic constituents above background levels were 
separated mto two groups based on detection frequency Compounds detected at 5 percent or 
greater detection frequency were evaluated further m Step 6 Contammants detected below 5 
percent frequency were evaluated m Steps 8 and 9 

-"? 
I 

Step 6 - Concentration/Tomcity Screen 

A concentrationltomcity screen, usmg m m u m  ,d nd EPA-estabhshed 
tomcity factors, was performed on all organic &e&cals with quency equal to or 
greater than 5 percent and on metals and rawd'khdes that exceed background levels to identrfy 
those compounds that are hkely to co #e 99,Wrcent or more of total risk These are 
identlfied as chemicals of concern % \ 

A . 2  

"* * 

Organic chemicals, metals and r 
factor, based on Step 6, were ret 
human health risk assessment 

Step 8 - Evaluatiorp 

The m m u m  

ibute 99 percent or more of a total risk 
ncern for quantitative evaluation m the 

/-\ 'a 

detected at less than 5 percent 
reenmg-level concentration equivalent to lo00 tunes a health 

This step identifies mfrequently detected compounds that 
osure were to occur 

and Temporal Evaluation of Infrequently Detected but Potentially Hazardous 

< b d  > '  

%d 

2' 

"*., 

Infrequently detected compounds whose m m u m  concentration exceeded 1000 tunes the RBC 
were evaluated for spatial and temporal distribution of the detected values If the compounds 
were detected m association with other contammants, or If spatial and temporal distribution (m 
groundwater) mdicated that the constituent 1s of potential concern for current or future 
exposures, these chemicals were retamed as "special-case" chemicals of concern 

2-3 
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Step 10 - Special Case Chemicals of Concern 

Compounds whose m m u m  concentration exceeded the screenmg values (Step 8) and with 
signdicant spatial and temporal distributions (e g , detected m association with elevated 
concentrations of other chemicals of concern) (Step 9) were reqmed as “special case” chemicals 
of concern to be addressed separately m the risk assessmet, ’ 

Step 11 - Professional Judgment $I # ?  ?i \\., 
% %% 

?k. +% 

\R., 
“3 % $  

*% 
/ */ 
L” 

Chemicals or radionuchdes that were elunmated9s chermcals of cokern%y the above criteria 
may be retamed on the basls of professional jgdpbent 

$8 

2.1 DATA EVALUATION P % 
..,\<< -4 

ata fdes used to select chemicals 
onitormg data (2nd quarter 1991 

percent of the data bemg vahdated 
ce sod (borehole), data from samples 

se I data) and m 1991 and 1992 
ot vahdated Borehole samples 
the potential problem of cross- 

selection of sod chemicals of concern Surface sod 
-C) were mcluded m the data set As of June 1993, 

has been received semivolatde 

of concern for OU-2 For gro 
through 3rd quarter 1992) wer 
(fewer of the earher data were 
collected above 

con tamma tion fro 

O%), metals (18%), and radionuchdes (48%) 
% 

Some p’f Ne- chemi&%amyti& results have not been vahdated Unvahdated data r-ived 
froy”’Rqcky Flats Envuohmental Data System (RFEDS) were mtegrated with vahdated data 

ntalex)hboratory If unvahdated and vahdated data for the same sample 
se, the unvahdated data were elunmated Data that had not yet been 

I 

process were used d no vahdated data were avadable 

Lithologc identdications for the groundwater monitormg data were determmed, and only wells 
completed m the Upper Hydrostratigraphic Unit (UHSU) are mcluded m the groundwater data 
set The UHSU mcludes the alluvium, colluvium, valley fdl, and the uppermost Arapahoe 
Sandstone The OU-2 bedrock mvestigation (DOE 1993a) wdl address any potential 
contammation of the Lower HSU (LHSU) Chemicals of concern for assessmg potential human 

(4U34 26100(9 540) (TM 9) (07/19/93 137pm) 2-4 
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health risk from on-site groundwater mgestion were selected from analytes detected m the 
uppermost Arapahoe sandstone This is based on the fmdmg, presented m the OU-2 Water 
Supply Sunulations document (Appendm C), that the uppermost Arapahoe sandstone IS the only 
hthologx unit that could support a domestic water well (see Appendlx C) 

Groundwater data from the alluvium, colluvium, valley fill, apld No 1 sandstone were aggregated 
for evduatmg migration of contammants m groundwater t6 p$tentid exposure pomts m Woman 
Creek and Walnut Creek 

The next step m the data evaluation process w q  to-remove quahkcohtrol samples, such as 
blanks, splkes, rmsates, from the database D$a&mhfiers for chemicds (e g , B, E, D and R) 
were identlfied and the followmg revsions eo" the database were made 

/ 

Q% 
"..\ 

>$ "".., 
a' \ \% 

h , k '  

e replaced wth  the associated 
tion range) The E quahfier for metal 

rted value was estunated due to 

x *-*"4̂ , 
0 The B quahfier as&gneP tg an organic compound (volatde, semivolatde, 

enyl (PCB)) signlfies that the compound was 
he associated laboratory blank For vahdated 

ncentration for a B quahiied compound that is 

ntammant was greater than five tunes the reported 
, the analytical result was used as reported If not, the 

he vahdation contractor and the result quMied 
e reported value If the reported sample concentration for 

is a common laboratory contammant (e g , 
methyleheghloride, 2-butanone, bis(2-ethylhexyl phthalate) was greater than ten 
tunes the feported concentration m the blank, the analytical result was used as 

%L 4% '-ol;fec$j If not, the result was quahfied with a U by the vahdation contractor 

\ 

\ k% 
-\ 

\bd t k  result reported as non-detect at the reported value 
"%wj 

For non-validated data, B quahfied results have been reported m the database, 
however, there was no connection m the database between non-vahdated B 
quahfied results and the associated laboratory blanks or rmsate blanks Because 
the effect of blank contammation on the B qualified results could not be 
assessed, the non-vahdated B quahfied results were not mcluded m the workmg 

(4034 263-O~U9 YO) W-9) (07/19/93 157pm) 2-5 



8 
c 
I 
i 

database for selection of chemicals of concern The removal of these 
unvahdated B-quahfied results from the worlung database does not adversely 
lmpact the useabhty of the data for selection of chemicals of concern for the 
followmg reasons (1) relatively few results were removed (000 from a total of 
00000-to be dktemzned), (2) all (7) the res$ts that were removed were B- 
quaMed results for common laboratory contanhants (e g , acetone, methylene 
chloride, and b1~(2-ethylhexyl)phthalate), (3); h the vahdated data set, most B- 
quNied results for common la re changed to U 
quahfied results (non-detect) durmg able that most of the 
other B quMied results would also non-detect The net 
effect is to change the frqu&cy of d ommon laboratory 
contammants by a small perkn&age because the number of samples is reduced 

analyte Tlus is not considered to 
ated chemicals of concern for risk 

%?. 

assessment 

s that the reported concentration IS 

it but less than the Contract Requlred 
These data were used as reported 

e-+. 

R qu&iewab (not uh$e‘kccordmg to EPA criteria) were ehmated 
k ** 

ent a very small fraction of the entue data set 
ear m vahdated data 

Data qu sed as follows 
( 9  *- 

Data qu sed as follows 
( 9  *- 

A 

d Analytid results were J quahfied If the compound was positively identlfied 
below t h y  CRQL The result was considered an estlmate because of the 

gn ‘\* 

-s hcegtavfty associated with detected concentrations at low levels Data quaMed 
% %, 

a””J were used as reported 

0 A U quahfier assigned to an analytical result mdicates that the analyzed 
chemical was not detected above the sample quantitation h i t  The U quaMer 
was the prunary mechanism used for evaluatmg detection frequency for the 
organic and morganic constituents The U quahfied data were used as non- 
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detects for detection frequency determination, but one-half the reportmg h i t  
was used as the result for statistical evaluation m the ANOVA evaluation 

There were numerous mstances where multiple analytical results for a gwen sample were 
reported m the WEDS database Circumstances thdt may hve resulted m multiple results 
bemg reported and the action taken during review of the ddabise mclude 

R” 
2 -  

e Vahdated and non-validated results werp!*regohql for the same sample In all 
“ %  

cases where a validated and non-vaJhakd si3hple %qsult were reported, the 
result from the validated record was%ained m the-tabse 

a, 
r 

e Results from multiple ddutioas were reported for the same sample Multiple 
ddutions were typically reprtjzd for,+e analyses for volatde and semivolatde 
organics due to one or *e &pl$tes exceeding the calibration range for the 
mitial analysis In cases whehae q u l t  was flagged with an E quallfier by the 
laboratory, the action taken was as tkschqd above In cases where non-detects 
were reported fo@a itial and dduted samples, the value 
with the lower d&ctEZTh-.luar. ned In cases where the results were 
reported as detected h b&the&&and dduted samples, the higher value was 

”$., 

e is and a re-analysls and/or re-extraction were 
r non-validated results, the reason for the re- 
eported (e g ,  calibration, surrogates, mternal 
ble to determme If the problem requirmg the 

i* G n t i l p i s b q  sj cwected or If the re-analysis was performed withm holdmg 
,/ timeswrefor&yh cases where non-detects were reported for an analyte m 

both the h h a l  and re-analyzed samples, the value with the lower detection h i t  
was retayled In cases where the results were reported as detected in both the 
qtial qndge-analyzed samples, the higher value was retained in the database 

“., 

.,if 

For radionuchdes,’”Paz=gative values were considered non-detect, and values less than the 
laboratory reportmg limit were used as positive results or non-detects m accordance with 
qualifiers assigned during data validation 

2-7 
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concern m that medium Separate total risk factors are calculated for carcmogenic and 
noncarcmogenic effects The ratio of the risk factor for each chemical to the total rlsk factor 
appromates the relative risk for each chemical in the medium 

EPA-recommended toxicity factors (reference doses and cancez slope factors) were used m the 
concentration/toxicity screens (Step 6, Figure 2-1) and /in the calculation of rlsk-based 
concentrations (Step 9, Figure 2-1) Slope factors and re&repce doses were determmed from 
IRIS (1993), HEAST (1992 mcluding later supplemenyq @ W S T  (1991) and are hted in 
Tables 2-3 and 2-4 Chemicals of potentlal concern Y ha$ do noNyhPPA-estabhshed tomcity 
factors are not evaluated quantitatively in the qonc&ntration/toxhy meens or m the rlsk 
assessment However, their potential contributron2o risk is evaluated quahtatively rn the rlsk 
assessment 

Chemicals with very low rlsk factor ratiaq$*greq*;o other chemicals m the medium were 
ehmated from further consideration becausekqekqvery low potential to contribute to overall 
risk In this step of the selection process, all chemi*%h%&contribute appromately 1 percent 
or more of the total risk factorw mdls of concern for evaluation m the 
quantitative rlsk assessment Th duces the number of chemicals to be 
carried through a risk assessment ch is conservative (health protective) 
because it retains some chemicals that Cgntr@ute as little as 1 percent of the total potentlal rlsk 
In most cases, only a 

% 
’% 

% 
1s conth@e the majority of risk from each medium 

“9% 

2.5 EVALUATJOQVOF I DETECTED COMPOUNDS 
% ”*, XTWJ 

less than 5 percent of all samples in the medium) can 
ation as chemicals of concern because of the low potential 
pounds were further screened so as not to neglect an 

mfrecp’enfly detected compund that could contribute significantly to risk if the compound were 
detect4 k*+q small area along with elevated concentrations of other chemicals of concern In 

m u 8 ~  deasured concentrations were compared to screening levels derived 
Tkjds analysis, summarlzed below, IS presented in detad in Appendm B r f  

“., 

For screenmg purposes, RBCs were defined as chemical concentrations associated with an 
excess cancer risk of 10“ or a hazard index of 10, assuming residential exposures Any low- 
frequency chemical detected at a concentration greater than 1000 times the respective RBC was 
identified as representing a potential health threat to exposed receptor populations, and was 
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included m the hst of OU-2 “special case” chemicals of concern for evaluation m the r s k  
assessment 

RBCs were calculated assummg a residential exposure scenario, using conservative exposure 
assumptions, and using standard toxicity values (RfDs and SFs)&pubhshed by EPA RBCs for 
chemicals in surface and subsurface sods were calculated assuming multiple pathway exposure 
(mgestion, dermal contact, and mhalation of particulates), VCs for chemicals m groundwater 
were calculated based on mgestion only, since thls was aswm&d%{o be the chief groundwater 
exposure route The exposure parameters used to capdate RB%are+pqesented in Appendlx B, 
and are those which were presented in the Expospre Scenarios Tecwca”3Memorandum No 9 
(EG&G 1993) Toxicity values used to calculate RBCs are listed in Tade  2-3 
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TABLE 2-1 
ROCKY FLATS PLANT OU-2 

SITE-SPECIFIC CHEMICAL ANALYSIS ROSTER 
PHASE I1 OU-2 SAMPLING PARAMETERS 

TOTAL METALS IINDICATORS IOTHER METALS 
Target Analyte List 
& 2 L  
Alurmnum 
Anbmony 

mum 
Beryllium 
Cadmum 
Calcium 
Chromum 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
S e 1 e Iu u m 
Silver 
SOdlUm 
Thallium 
Vanadium 
Zinc 

h N C  

OTHER METALS 
&& 
Molybdenum 
Strontium 
Cesium 

&a! 
Dissolved OrgaNC Carbon 
Total Orgaruc Carbon 

? 

OTHER PARAMETERS * I  

Total Petroleum Hydrocarbons f 

Lithium 
Tin 

@ r  

%, 
- so11 

'tzinc a 

Nitrate-Nitnte (as N) 
Percent Solids 
Cyarude 
Moisture Content 
Orthophosphate 
Bromide 
Ammoruum 
Silica (as Si and S102) 

ETERS 

PH 
Specdic Conductance 
Temperature 
Dissolved Oxygen 

INDICATORS 
Groudwater 
Total Or-c Carbon 
Dissolved Organic Carbon 
PH 

1 ANIONS 
I Groundwater 
i Carbonate 
Bicarbonate 
Chlonde 
,Sulfate 
Nitrate (as N) 

~ Cyanide 
IFluonde 
IBromde 
Silica (as Si and S102) 
AmmoNum 
Orthophosphate 

OTHER PARAMETERS I Total Petroleum Hydrocarbons 
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ORGANICS VOLATILES 
Target Compound List 
Soil and Groundwater 
Chloromethane 
Bromomethane 
Vinyl Chlonde 
Chloroethane 
Methylbenzene Chlonde 
Acetone 
Carbon Disulfide 
1,l-Dichloroethene 
1,l -Dichloroethane 
Total 1,2-Dichlkoroethen 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1, 1 , 1 -Tnchloroethane 
Carbon Tetrachlonde 
Vinyl Acetate 
Bromodxhloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
Trans-l,3-Dichloropropene 
Tnchloroethene 
Dibromochloromethane 
1,1,2-Tnchloroethane 
Benzene 
cis- 1,3-Dichloropropene 
Bromoform 
2-Hexane 
4-Methyl-2-pentanone ~ 

Tetrachloroethene 

Chlorobenzene 
EthylBenzene ~ 

Styrene 
Total Xylenes xw 

Toluene /@@ 

?\ ”., 
% %  

\ *  

TABLE 2-1 
(Continued) 

Target Compound List 
Soil and Groundwater 
alpha-BHC 
beta-BHC -233,234,235, and 238 
delta-BHC 
gamma-BHC (Lindane) 

,- r?.y (4034-263-0049-540) (Rm I XLS) (7118193 3 54 PM) 

8 - -  

/ 
” e  
d d  

Endosulfan Sulfate x% 

G, 

SOIL PARAMETERS 

Tatrum 
Stro11@1m-89,90 
c+m-q 
Rad1-6,”5128 

+ 12 

DSSOLVED RADIONUCLIDES 
Groundwater 
Gross Alpha 
Gross Beta 
Uranium-233,234,235, and 238 
Tntrum 
Strontium-89,W 

Radium-226 and 228 
Tntium 

TOTAL RADIONUCLIDES 
Groundwater 
Plutonium-239 and 240 
Amencium-24 1 
Tntium 

CeSiUm- 137 
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TABLE 2-1 
(Concluded) 

> 
ORGANICS SEMI-VOLATILES 
Target Compound List 
$011 and Groundwater 
Phenol 
bis(2-Chloroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1 ,4-Dichlorobemne 
Benzyl Alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropy1)ether 
4-Methylphenol 
N-Nitroso-Dipropylarmne 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic Acid 
bis(2-Ch1oroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Tnchlorobenzene 
Naphthalene 
4-Chloroaniline 

4-rutroxxbphenylanune 
b%mophenyl Phenyl Ether 
kchlorobenzene 
ientachlorophenol 
Wnanthrene 
b&acpe 
h-Lb4?U&l$pite 
i l u o m b p e  
m n e  'w 

My1 Benzylphthalate 
,3'-Dichlor&nuhne 
)enzo(a)anthracene 
lis(2ethyl hexy1)phthalate 
:hrysene 
Ii-natyl Phthalate 
knzo(b)fluoranthene 
benzo(k)fluoranthene 
)enzo(a)pyrene 
ndeno(l,2,3-cd)pyrene 
)ibenz(a, h)anthracene 
)enzo(g, h,i)perylene 

Hexachlorobutahene 
4-Chloro-3 -methylphenol@ara-chloro- 
2-Methylnapthalene 

2,4,6-Tnchlorophenol 
2,4,5-Tnchlorophenol 

2-Nitroamline I 

Dimethylphthalate 
Acenaphthlene j3 +/ 

3-Nitrmline /' 

Hexachlomcy lopentahene p 

8 ;*>", 
24hloronaphthalene P 

1 
P 

// ,/ 

4. 

I 
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TABLE 2-3 
TOXICITY FACTORS 

Analyte 
l,l, 1,2-tetrachloroethane 
1 , 1 , 1 -tnchloroethane 
1,1,2,2-tetrachloroethane 
1,1,2-tnchloroethane 
1,ldIchloroethane 
1, ldichloroethene 
1,2,3-t11chloropropane 
1,2,4-tnchlorobenzene 
1,2d1bromo-3chloropropane 
1,2dIbromoethane 
1,2dIchlorobenzene 
1,2dIchloroethane 
1,2dichloroethene 
1,2dIchloropropane 
1,2dimethylbenzene (o-xylene) 
1,3dImethylbenzene (m-xylene) 
1,4dichlorobenzene 
2-butanone 

4-methyl-2-pentanone 
acenapthene 
acetone 
anthracene 
anhmony 
Aroclor-1254 
arsenic \ 

banum 
benzene 
benzo(a)anthracene A 
benzo(a)pyrene J Cr" 

b e n ~ ) f l u o r a n ~ n p J  
benz@)fluoraath@e 
benzoic acid 

4,4'-DDT 

\ 

bromoform 
butyl benzylphthalate 
cadmium (food) 

oral Slope 
Factor 

l/(mgkg/day: 
2 6E-02 (1) 

2 OOE-01 (1) 
5 70E-02 (1) 

6 OOE-01 (1) 

- 

- 
- 
- 

1 40E+OO (2) 
8 50E+01 (1) 

9 10E-02 (1) 
- 
- 
- 
- 
- 

2 40E-02 

3 40E-01 (Q 
- 
- 
- 

f-:\ 

5 gOE-01 (4) - 
d 4 40E-02 (1) 

6 20E-02 (1) 
7 WE-03 (1) 

- 

oral RfD 
(mgfl<g/day) 
3 OOE-02 (1) 
9 OOE-02 (2) 

4 OOE-03 (1) 
1 OOE-Ol(3) 
9 OOE-03 (1) 
6 OOE-03 (1) 
1 00E-02 (1) 

- 

- - 
9 OOE-09 ( g  

Y 

wp (1) 
1 w m 1  (1) 
3 $$E-q(1) 
4 OO&p (1) 

AW-04 (1) 
-+* - 
7 OOE-02 (1) - 

- 

- 
4 OOE+00 (1) 

2 OOE-02 (1) 
2 00E-02 (1) 
2 00E-02 (1) 
2 OOE-01 (1) 
1 OE-03 (1) 

5E-1 (2) 

Inhalabon Slope 
Factor 

l/(mg/kg/day) 
2 60E-02 (1) 

2 
- 

7 60E-01(2) 

9 10E-02 (1) 
- 

% 4 -  
/ 

\k< - 
"..,. 1 
t - \\* % 

4OE-01 (1) 
4 -  

- 
- 
- 
- 

1 50E+01(1) 

2 90E-02 (2) 

6 lOE+OO (2) 

- 
- 

- 
- 

8 4E-10 (1) - 
3 90E-03 (2) 

6 3 0 E W  (1) 
- 

Inhalabon RfD 
(mgkd&Y) - 
3 00E-01 (2) - 

- 
140E-01(2) - 

- 

4 OOE-02 (2) - 
- 

1 OOE-03 (1) - 
- 

2 OOE-1 (2) 
3 OE-01 (1) 

2 00E-02 (2) 
- 

- - 
- 
- - 

1 40E-04 (2) - 
- 
- 
- 
- 

- 
- 
- 
- - 

EPA Cancer 
Weight 

Evldence 
C 

C 
C 
C 
C 

- 

B2 
B2 

B2 - - 
- 
- 
C 

B2 

- 
- 
- 

B2 
A 

A 
B2 
B2 
B2 
B2 

B2 
B2 
B2 
B2 

B1 

- 

- 

Sheet 1 of 3 

- a* J - .  



0 
1 
S 
a 
8 

TABLE2-3 
TOXICITY FACTORS 

Analyte 
cadmum (water) 
c a h n  tetrachlonde 
chlorobenzene 
chloroethane 
chloroform 
chloromethane 
chromium I11 
chrysene 
cis- 1,2dichloroethene 
cis-1,3-d1chloropropene 
cumene 
cyanide 
di-n-butylphthalate 
&-n-octylphthalate 
&bromomethane 
dshlorodtfluoromethane 
&ethyl phthalate 
ethylbenzene 
fluoranthene 
fluorene 
heptachlor epoxtde 
hexachlorobuta&ene 
hexachloroethane 
indene( 1,2,3Cd)pyrene 
manganese 
mercury 
methylene chlonde 
molybdenum 
N-mtrosodtphenylamuewN 
naphthalene / /-%. 

nickel 
ochlorotoluene 
p-xylene 
pentachlorophenol 
wrene 
selenium % 

silver 
strontrum 
styrene 
tetrachloroethene 
thallium 
un 
toluene 

&4 

b 

\ &  

"a, 

oral Slope 
Factor 

l/(mg/kg/day] 

130E-01(1) 
- 
- - 

6 10E-03 (1) 
1 30E-02 (2) 

5 80E-02 (4) 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- P  

a> - 
- t h y  

- 
9 lOE+OO (1) 

- J-- 

MOg-03 (1) 

a 

- 
I -  

&%OE-Ol(l) 
f -  

- 
- 

5 10E-02 (3) - 
- 

Oral Rfl) 
(mg/kg/day) 
5 OOE-04 (1) 
7 OOE-04 (1) 
2 00E-02 (1) 

1 OOE-02 (1) 

1 OOE+00 (1) 

1 00E-02 (3 
3 OOE-04 &i)* 

- 

4 00E-M (H 
2 OOE-02 tl) 

2 o & - w %  
1 W4\(1) 

1 OOE&%) 
2 OOE-01 (1)' 

"4 30E6Q5 (1) 
* *  

1 ow-@ (1) 

-HQE-01(3) 
4 a E - 0 4  (2) 
6 00E-02 (1) 
5 00E-03 (I) 

4 00E-02 (2) 

2 00E-02 (1) 
2 00E+OO (1) 
3 00E-02 (1) 
3 00E-02 (1) 

5 OOE-03 (1) 

2 OOE-01 (1) 
1 00E-02 (1) 
7 00E-05 (2) 
6 OOE-02 (2) 
2 00E-01 (1) 

4 

- 
2 00E-2 (2) 

5 OOE-3 (2) 

8 8E-1 (2) 

Inhalatron RfD 
(mg/kg/day) - 

- 
5 00E-03 (3) 
3 OOEW (1) - 

- 
- 

?i. 
\ 

% 
\ -  
" . , -  
5 OOE-03 (l)* 
3 00E-03 (2) - 

- 
- 
- 

5 OOE-02 (3) 

3 00E-01 (1) 
- 
- 
- 

* -  - 
- 

1 10E-04 (1) 
9 OE-05 (2) 
9 OE-01 (2) 

- 
- 
- 
- 
- 
- 

3 OOE-01 (1) - 
- 

1 lOE-01(1) 

EPA Cancer 
Weight 

Evldence 
B1 
B2 - - 
B2 
C 

B2 

B2 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

B2 
C 
C 
B2 - 
- 

B2 

B2 
- 
- 
- 

B2 - 

- 
B2 - 
- 
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trans-l,2-d1chlomethene - 2 00E-02 (1) - 
tnchloroethene 1 10E-02 (3) 5 95E-0343) 
wnyl chlonde 1 WE+O (1) 3 WE41 (1) 
zinc - 2 OOE-0 l(2) c -  

TABLE2-3 
TOXICITY FACTORS 

- - 
- B2 
- A - I 

- = Not classlfiable or not CamOnogefLlc 
-\* 

.9 **-\ *& 

?2 

. L  



TABLE 2-4 
TOXICITY FACTORS 

FOR RADIONUCLIDES 

EPA Cancer 
Inhalabon Slope External Slope Weight of 

Oral Slope Factor Factor Factor Evldence 
Analyte @swpc1) msWPc1) mswyrlpc&) 
241 Amenaum 2 4E-10 3 2E-08 B 49E-09 A 
134 Cesium 4 IE-11 2 8E-11 5 2E-06 A 
137 Cesium 2 8E-11 19E-11 J A 
238 Plutomum 2 2E-10 39E-08 A 

A 
A 

238 Plutomum 2 3E-10 3 8E-08, 
240 Plutonium 2 3E-10 3 8E4& /' 

'/ ,."" 

226 Ra&um 12E-10 3 ow9 A 
228 Radum 1 OE-10 &EefO A 
Strontium 89 3 OE-12 2 $42 4 7E-10 A 
Strontmm 90 3 3E-11 ' 3kE-11 0 OE+OO A 

h. 3 OE-11 A 
Tntlum 5 4E-14 A' : 
Uraruum 235 16E-11 % > E 4  
Uraruum 238 1 6E-11 2 4 h 4 8 \ \ , ~  2 1OE-11 A 

0 OE+OO A 

2 4E-07 A 

-% Uranium 233,234 * 16E-11 

% 

Source HEAST 1992 



3.0 
GROUNDWATER CHEMICALS OF CONCERN 

*h 
“.i 

3.1 DATA EVALUATION 

Chemicals of concern m groundwater were s 
Samples collected m 2nd through 4th quarte 
to evaluate volatde organic compounds, 
Samples collected m 4th quarter 1992 and 
evaluate semivolatde organic compounds (s 
quarter 1991, no 3rd quarter 1992 data we@ 

s R’ 

The data received from WEDS were re&ew&md/dited usmg the steps and criteria outhed 
m Section 2 1 to develop a data set ofk ntal samples for further evaluation 
Groundwater data were then “selection of prelunmary chemicals of 
concern (1) analytical resu e No 1 Sandstone and (2) analytical 
results from all (UHSU) w tone, alluvium, colluvium, and valley 
fffl) The No 1 Sandstone co er well, under a hypothetical future 
residential developme be exposed to OU-2 contammants 
through mgestion of re, analytical results from the No 
1 Sandstone are uqe concern for the residential groundwater mgestion 
scenario 

ata sets identlfied m Table 2-2 
r&@ 3rd quarter 1992 were used 

, and radionuchdes 
1992 were used to 

tde data were not avadable prior to 4th 
ed for semivolatdes) 
P 

d d  r >  

ey fffl are relatively thm, discontmuous, and on slopes 
are only mtermittently saturated (see Appendlx C) These 

er and were therefore not mcluded as exposure media for on- 
analytical results from samples 

8 wells m the alluvium, colluvium, valley fill, and No 1 Sandstone were 
&ant migration through groundwater to surface water m Woman Creek 

and Walnut C n e s e  units are referred to collectively as the UHSU 

3.2 BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS 

The comparison of OU-2 data for metals and radionuchdes detected m groundwater to 
background data is presented m Appendur A Metals and radionuchdes with 5 percent or more 
of data above the 95% UTL of background or that were estunated to exceed background levels 

(4034-2~U-0049 Yo) (TM-9) (07/19/93 I57prn) 3-1 
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by the ANOVA evaluation were retamed for further evaluation as potential chemicals of 
concern Total metals and radionuchdes above background levels were considered potential 
chemicals of concern for purposes of evaluatmg groundwater mgestion scenario (No 1 
Sandstone) Dissolved metals and radionuchdes above background level were considered 
potential chemicals of concern for migration of contamma- m groundwater Metals and 
radionuchdes that did not exceed background levels or /thgt were evidently unrelated to 

operations or sources m OU-2 based on spatial and @mporal evaluation of the data were 
ehmated from further consideration as potential chetnds 'oTgoncern 

Tables 3-1 through 3-4 summarne the results comparmg con-tr, tions of metals and 
radionuchdes m groundwater to background le#e@ Tables 3-1 and 3-2 &ow the results for total 
metals and radionuchdes m the No 1 Sasiddne Tables 3-3 and 3-4 show the results for 
dissolved metals and radionuchd rganics m the No 1 Sandstone are 
evaluated as chemicals of concern for r& undwater mgestion, and dissolved 
morganics are evaluated m the UHSU for f contammants m groundwater Metals 
and radionuchdes that exceed ere identlfied as potential OU-2 
contammants based on data ev4y ncentrationltoncity screens to select 
chemicals of concern for use m 

k9 Ir 

%%\* %%. 
s x  

6% ", ".3. "k.? 

ion lf less than 5 percent of the OU-2 data 
If the ANOVA analysis showed no significant 

that appear to exceed background by one or 
n m a concentrationltoncity screen, or for further 

ution and occurrence of elevated concentrations 
tammants This was done m order to elunmate analytes from 

ntammants It is mportant that risk assessment 
ual site contammants that could threaten pubhc 

on&$ rather than on naturally oocurrmg elements or trace contammants 
d mfwquently at elevated concentrations but are not characteristic of site 

exceeded the 95% 

$ 1  

""., %/ 

3 2  1 No. 1 Sandstone 

Table 3-1 shows the results of the background comparison for total metals m No 1 Sandstone 
On the basis of the statistical tests, the followmg metals do not appear to exceed background 
levels arsenic, antmony, arsenic, berylhum, cadmium, chromium, cobalt, copper, hthium, 
molybdenum, nickel, sdver, vanadium, and zmc On the basis of spatial and temporal 
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evaluation, the followmg morganic compounds are not considered site-related contammants m 
the No 1 Sandstone cesium, cyanide, lead, mercury, selenium, strontium, thahum, and tm 
The reasons are discussed below Other morganics in the No 1 Sandstone with widespread 
elevated concentrations that are potentially related to contammant plumes m OU-2 are 
alummum, barium, manganese, and zinc These metals are wi&Jy distributed and conslstently 
found at elevated concentrations at known source areas 

n’ 

Metals Eliminated as Con$h$nakhta 

No. 1 Sandstong 

* - \  

on the Basis of SpatialflempoTi 

&+ 

Cesium Reported concentrations for total ges&m range from 30 to 80 pg/L (all estunated 
below sample reportmg hmit) he No 1 Sandstone 1s 9 percent (6 
of 67 samples), which 1s relatively low d UTL is 408 pg/L Typical detection 
limits are 500 or 1000 pg/L, results of the ANOVA and UTL 
comparlsons The highest concen pg/L) were found in three wells 
2991,3091, and 3691 screened at he NE Trench Area Well 
pa r s  screened m the upper part ut below the bottom of the nearby 
trenches) were nondetect for 00 and 1000 pg/L Cesium 1s 

probably not present m these tection hmits, because m other 
samples, cesium was or two orders of magnitude 
lower than detection he upper No 1 Sandstone suggests that cesium 

p the trenches At wells 2591 and 10991, which are 
unrelated to sou the No 1 Sandstone, cesium was also detected at 

s eliminated as a site-related 
st of the estunated elevated 

ion is low and there is no 

% 

%L % 

trations exceeded the background UTL of 5 pg/l (background 
e unrelated locations well 1491 (8 5 pg/L), well 3687 (12 5 pg/L) 
The rare and scattered occurrences of concentrations somewhat 

above background range indicate that elevated cyanide is not characteristic of groundwater m 
the No 1 Sandstone and that it is not a chemical of concern for OU-2 

Lead Elevated concentrations of total lead up to 171 pg/L) were detected in several wells 
screened in the No 1 Sandstone in the NE Trenches Area, in the Mound Area, and west of the 
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903 Pad However, most of these wells also contamed elevated concentrations of total Iron, 
alummum, and hthium, which are rock-formmg elements Dissolved concentrations of these 
elements were not elevated, and there is no evidence of dissolved-phase plume For example, 
at two wells with elevated total lead concentrations (well 11891 at 171 pg/L and m well 3691 
at 86 pg/L), dissolved lead was non-detect at a reportmg of 3 pg/L The elevated total 
lead concentrations may be related to suspended sohds &the water samples rather than to 
leachmg due to OU-2 contammation because there is no'evqfence of a dissolved-phase plume 

4 

# <R 

Mercury Mercury was detected m 16 percent q€ the sa ed The m m u m  
concentration m the No 1 Sandstone (0 8 pg/LA%w$detected 1 m the NE Trench 
Area The background UTL is 0 2 pg/L Mermywas also d e wells (2387,1791, 
and 1491) m the Mound Area, m ConcentrationSirangmg from 0 27 to 0 62 pg/L, these wells are 
screened m the No 1 Sandstone Howevq, axed wells were non-detect for mercury 
at a reportmg h i t  of s not elevated above background 
levels, and there is Mercury is not considered a 
contammant m groundwater concentrations are low (0 25 to 1 2  
pg/L), (2) dissolved-phase background levels, (3) elevated 
concentrations occur m some ase of the No 1 Sandstone but not m 
palred wells Screene and (4) only one well (11691 m the NE 
Trench Area) had mer 

/f, 

mcentrations above 5 pg/L, the background UTL, 
ells at Indiana Avenue 

/L and twice m well 41591 at approxunately 8 pg/L) 
were found distant from source areas, but not close to source 

contammant u1 the No 1 Sandstone 
z '3 

R 

oncentrat)ons for total strontium were somewhat elevated m 4 of approxunately 
screened m the No 1 Sandstone Elevated concentrations from 
UTL = 1100 pg/L) Comparable concentrations also occur UI 

a$&i to source areas (such as wells 286 and 41591, both at Indiana Avenue) 
Strontium was also detected at somewhat elevated concentrations m some wells potentially 
related to source areas These latter wells mclude well 1491 at the 903 (Pad 1040 (rg/L), and 
well 291 near the mner East Gate (1070 pg/L) The filtered fraction was also elevated m most 
samples where total strontium was elevated Smce concentrations are found m wells unrelated 
to source areas at concentrations comparable to those found near source areas, smce elevated 

2.3, 

I 
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concentrations are only somewhat above background, and smce there is no evidence of a total 
or dissolved-phase plume, strontium is not considered a contammant for OU-2 

Thallium Thahum was detected m 15 percent of the samples analyzed m concentrations 
Thahum IS not 

considered a contammant m the No 1 Sandstone because,Qf the low frequency of detection of 
elevated concentrations (5% of the detected th 
because the elevated concentrations are not sign 

No detected concentrations for total tm exc 

rangmg from 1 to 3 pg/L (total thalhum), background U'&& is 2 pg/L 1 

I 

is not apparent relationship with source areagPor*?a phone, the 
contammant m the No 1 Sandstone 

/' \ 
Table 3-2 summarues the backgrounkc i s p  for total radionuchdes m the No 1 
Sandstone Radionuchdes considered to U-2 contammants m the No 1 
Sandstone are americium 241 (0 239/240 (001 pCi/L) Total (as 
opposed to dissolved) uranium" for m 4 groundwater samples 

urrmg, and accordmg to the statlstical 
tests the detect Dlssolved concentrations also 

Appendlx D) Because uranium 
history, further evaluation of a 
andstone, borehole (subsurface 

ed before identlfymg uranium isotopes as chemicals 

s not considered a 
* e  

s "b 

Table 3 6  shows the redults of the background comparison for dissolved metals m the UHSU, 
stone Dissolved phase constituents are evaluated m the UHSU rather 

owed-phase contammants may be transported m groundwater to exposure 

a 

On the basis of the statistical tests, the followmg metals do not appear to exceed background 
levels alummum, cadmium, cobalt, lead, hthium, mercury, sdver, and vanadium On the bass 
of spatial and temporal evaluation, the followmg metals are not considered site-related 
contammants m the UHSU antunony, arsenic, beryhum, chromium, molybdenum, nickel, 
selenium, strontium, thahum, and tm The reasons are discussed below Other metals m 

(4034-2634049-540) m-9) (07/19/93 I.S7pm) 3-5 
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UHSU groundwater with widespread elevated concentrations that are potentially related to 
contammant plumes m OU-2 are barium, cesium, manganese, and zmc 

Antimony Antimony concentrations are evenly dlstributed unrelated to source areas 
Concentrations range from 8 to 88 pg/L, the maxunum vabu,e was detected at well 286 at 
Indiana Street Other detected values were below the 95% of background (53 pg/L) and 
appear to have no relationship to source areas 

Arsenic Detected concentrations of arsenic rmgf'from".J, tg.,8 pg/L ?tvo elevated 
concentrations (6 3 and 7 6 pg/L) were observed q samples from ahykhlls near the 903 pad, 
but other concentrations ranged from 1 to 3 p#$ The background U?L is 8 pg/L Elevated 
arsenic is not characterstic of groundwaEr,"contammation m OU-2 and it is therefore 
e h m a t e d  as a chemical of concern 4 "*, +% 

Beyhum Beryhum was dete f the samples The OU-2 mean 
concentration is 2 pg/L (maxlmu mean is 1 pg/L This dlfference m 
mean concentrations is not consfd the concentrations are unlformly low 
and the frequency of detection isJ ot considered an OU-2 contammant m 

/ 
1 % % 

"'a, 

4 

s$ 
* . B  

Y&< .' 

'k fl ? groundwater v 

+f 

the background UTL of 13 pg/L, however, the OU- 
quivalent to the background m m u m ,  and the 

n the OU-2 mean (5 pg/L) Three samples with 
re from wells associated with m the NE Trench Area 

observations are not consistently associated with 
etamed as a potential chemical of concern m OU-2 

Molybdknum Only one sample result of 67 pg/L (at well 2987) exceeded the background UTL 
ther detdted concentrations ranged from approxunately 5 to 25 pg/L, with 

cmcmtrations (20 to 67 pg/L) seen at wells 5091 and 2987 Elevated 
concentrations %e h&y loahzed and no other meanmgful spatial or temporal dlstribution is 
apparent Becauseall but one sample result were below the background UTL, molybdenum is 
not considered a site-related contammant m OU-2 

2 m m u m  detect 

elevated concent 

P 
% 

Nickel Elevated 
concentrations of nickel were detected m four samples from well 2987 (239 to 1210 pg/L), one 
sample each from well 3686 (287 pg/L) and well 6586 (65 pg/L), and m one sample from well 

Seven sample results exceeded the background UTL of 30 pg/L 

(4034-%3-0049-S40) m-9) (07/19/93 15lpm) 3-6 



I 
I 
I 
1 
I 
I 
I 
1 
1 
I 
N 
I 
I 
D 
I 
I 

-\ 

286 at Indiana Street (46 pg/L) The elevated concentrations do not appear to be associated 
with source areas m OU-2 or with a contammant plume Other detected values ranged from 2 
to 30 pg/L, which are equal to or below the background UTL of 30 pg/L Because elevated 
concentrations are highly l&ed to three wells withm OU-2 (not countmg well 286 at InQana 
Street), all of which are screened m the colluvium or vallepb-fdl, and do not appear to be 
associated with source areas, nickel is not considered an O.U-$'related contammant 

Selenium Selenium concentrations are not elevated und UTL of 5 pg/L except 
at well 2987 (123 to 168 pg/L m four samples) an$ 1591 at Indiana Street, 
where selenium was detected at concentrations/Qf 9 and 12 pg/L 987 has consistently 
elevated concentrations of metals, but these mpfalbconcentrations are not considered rndicative 
of contammation m OU-2 Therefore, selegiupfi is not considered a contammant m OU-2 

Strontium The background UTL conce Gdtrontium is 1041 pg/L (maxlmum = 1710 
pg/L) Very few samples collected m exceedmg these levels Strontium was 
detected at 1170 pg/L at well 1 (background UTL = 1041 pg/L) 
Strontium was also detected m e 590 to 1910 pg/L) m four samples 
from well 2987, m samples colle&q 1 at Indiana Street (2000 to 2290 
pg/L), m well 7391 near a source m two samples), and m well 3686 

fdl m Walnut Creek Strontium is otherwise evenly 
distributed throu s of less than 1000 pg/L Because strontium was 
detected m com r source areas and at locations dlstant from 
source areas, 2 contammant 

/ 

t 
k." 

nt of the samples, m concentrations rangmg 
/ L )  It was not detected m 94 percent of the 
ot considered a contammant 

- Tm q m  yas  detected :m 10 percent of the samples from the UHSU The maxlfnum 
concentrakn &@v%a$89 pg/L, detected m well 1787 m the Mound Area, compared to the 
background UT&, of pg/L It was otherwise sporadically detected at concentrations rangmg 
from 15 to 52 pg/L, the latter result bemg from well 286 at Indiana Street Trn 1s not 
considered an OU-2 contammant because only one detection exceeded the background UTL 
and because the next highest detection was at well 286 at Indiana Street, which is unrelated to 
source areas m OU-2 

r 

a, ".., 
% 

%* 
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Table 3-4 summarlzes the background comparison for dissolved radlonuchdes m the UHSU 
For a number of the analytes, few background data were avadable for comparison Therefore 
all are retamed for further evaluation m a concentration/tomcity screen and spatial and 
temporal analysis Further evaluation is especially unportant for the uranium isotopes, which 
could be naturally occurrmg or related to sources m OU-2 q o u g h  the statistical procedures 
mdicate that the uranium isotopes do not exceed backgrouhddevels, they have been mcluded 
m the concentration/tomcity screens to help identlfy th@e dotopes on which to focus further 
spatial and temporal analysis 

3 3  FREQUENCY OF DETECTION 

k9*k i *) '\ xk% 

"., *"*% 
a' 

%%* \% 
*\.J 

\\ " i "  
% % 

Organic compounds detected at a frequency'ofk percent or greater were considered potential 
chemicals of concern These compou Tables 3-5 (No 1 Sandstone) and 3-6 
(UHSU) and are mcluded m the con screens that accompany thls Section 
Frequency of detection was evaluat No 1 Sandstone and UHSU for 
consistency with the evaluation okm 

Infrequently detected compounds ( 
Tables 3-7 and 3-8 Concentration; 
evaluated as described 
evaluation m the riskk 

p' -"--+ "%/ 

4 

an 5 percent frequency) are hsted m 
ed organic compounds were further 

"special case" chemicals of concern for 

tlfy chemicals to be evaluated m the 
enmg process permits selectmg chemicals, 
tribute signrficantly to risk and identities 

chedicqls that can b e h m a t e d  from further consideration because they contribute 
msi-c&dy to o v e r 4  risk The screen was performed for all morganic constituents detected 
above ba&grouM l$elp'and for all organic compounds detected at a frequency of 5 percent or 
greater The cdnr;enW?hion/toncity screen process was explamed m Section 2 4 In performmg 
the concentration/tomcity screens for organic compounds detected m groundwater, d both 
mhalation and oral toncity factors were avadable for orgamc compounds, the tomcity value that 
resulted m the highest relative risk value was used For evaluation of metals and radionuchdes 
m groundwater, only oral tomcity factors were used 

% h 

%> 

+ % -  
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Results of the screen for the No 1 Sandstone are shown m Tables 3-9 (Noncarcmogenic 
Effects), 3-10 (Carcmogenic Effects), and 3-11 (Radionuclides) Results of the screen for the 
UHSU are shown in Tables 3-12 (Noncarcinogenic Effects), 3-13 (Carcinogenic Effects), and 
3- 14 (Radionucltdes) 

"-. 

With a few exceptions, the chemicals of concern identified bbe-concentration/toxicity screens 
are the same for both the No 1 Sandstone alone and the UHSU as a whole carbon I 
tetrachloride, tricbroethane, t hloroform, manganese, I 

and americium-24 1 uranium 235 are 
identlfied as additional chem 
alone, and manganese, bariu 0 are identified as 
additional chemicals of con r the differences 
are (1) the higher concentration of carbon t6t m the UHSU, which comprlses a larger 
fraction of the total risk factor and excl4es ts such as, manganese and methylene 
chloride and (2) the mclusion of the uranium\? e concentration/toxicity screen for 
the UHSU even though it IS equ Thelr mclusion 

nium 239,240, which constitutes an 
msignlficant fraction of overall r anium lsotopes (see Table 3-14) It is 
recommended that the d isotopes be evaluated further to asses 
whether they are lkely t 
compounds are identifi 

methylene chloride is a common laboratory 
contaminant, it w I 

3.5 &VALUATION OF~~NFREQUENTLY DETECTED COMPOUNDS 

\%. , I  
As statedm &won 3& pmpounds detected at less than 5 percent frequency can usually be 
ehmmated fro*h&$ermnsideration because the potential for exposure is low However, these 
compounds were er screened so as not to neglect infrequently detected compounds that 
could contribute significantly to risk if the chemicals were detected in association with other 
potentially hazardous compounds at source areas or at locations where exposures could occur 
In this screen, mmmum concentrations of infrequently detected compounds were compared to 
risk-based screening values using the approach outlined in Section 2 5 and described m greater 
detad m Appendur B The 

% %  

Complete results of the evaluation are shown m Table B-6 

I 'L 
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evaluations shows that the followmg two mfrequently detected compounds have m m u m  
concentrations that exceed the screenmg values used m the analysis 

1,2-dibromoethane 
vmyl chloride 

The compound 1,Zdibromoethane was detected m 6 jd 170 groundwater samples at 
concentrations of 18 pg/L (well 6691 m the 903 well 7391, IHSS 109) 
Well 6691 is screened m the Rocky Flats alluvium, ened m the colluvlum 
Both wells are m or near contammant source are have been detected 
The samples with positive results were collect6 & May 19 s were also sampled 
m November 1992 (4th quart was not detected, although reportmg 
h i t s  were elevated, so the r ibromoethane is not charactermic of 
groundwater contammation at OU-2 b frequently detected However, it wdl be 
evaluated m the rlsk assessment as a "sp 

Vmyl chloride was detected at equency of detection (10 samples out 
of about 280) The highest con pg/L) were detected m several samples 
collected at well 3586 Thls rn boundary of OU-2 near the dmharge 
from the Protected Area and near a skep @at is bemg mvestigated under a separate program 
Vmyl chloride was III Ob4 bpgradient of this well Therefore, vmyl chloride 
detected m thls w ted to source areas m OU-2 Vmyl chloride was 
detected m muc o 3 )rg/L) m samples from well 7391, where it 1s co- 
located with 0th"- ide is mcluded as a "special-case" chemical of concern 
for OU-2 

i 

OF CONCERN IN GROUNDWATER 

t 
of c h e m w  of concern identlfied by the concentration/toxlcity screens are shown 
THO Shdstone) and 3-16 (UHSU) 
gi B 

"%@ J 
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TABLE3-5 
ROCKY FLATS PLANT OU-2 

ORGANIC COMPOUNDS DETECTED AT 
5% OR GREATER FREQUENCY 

NO 1 SANDSTONE - %\ 
~ i 

-mum anm- 4’ Daemon 
Chemcal mg/L Frequency % 

1,1,1 -tnchloroethane 0 13 ?#‘“.., I 40 
* 1,1,1,2-tetrachloroethane 0 0026 9% 5 

1, ldchloroethane 0 0034 
1,l dchloroethene 0 036 L 
* 1,24chloroethene 0 054 39 
* acetone 0 1 4 -  2d 9 

6 
8 

* benzene 
bromdchloromethane 08318; 
carbon tetrachlonde 59 
chloroform 62 

% 52 
34 

cis- 1,2dIchloroethene 

10 
methylene chlonde 
naphthalene 
* p-cymene 6 

* 1,1,2,2-tetrachloroethane 0 0024 4 id/ p ‘̂ “a, 
% “8, z 

o w i  I 2% 

\ 

*% 

* sec-butyl benzene 5 
tetrachloroethene y i i  “3 81 
toluene %O 013 10 
trans-l,2dIchloroethene 0 0023 12 5 
mchloroethene 4 /-? 9% “. 71 

0 * ! 6  6 
b 31 26 

benzoic acid 

* di-n-butyl phthalate ~ l l  0 003 6 
diethyl phthalate %,. 

bis (2ethylhexyl) p h W a d  ‘ L d O l ? ?  33 / *’ f 
$ “a / -*- 

~ % >  “.1, a 

;“n W h @ U  as a whole 
% 

* Detected 
“r 
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TABLE 3-6 

ORGANIC COMPOUNDS DETECTED AT 5% 
OR GREATER FREQUENCY 

UHSU GROUNDWATER 

ROCKY FLATS PLANT OU-2 

Chemcal concentrauon m& Frequency % 
1 , 1 , 1 -tnchloroethane 24 
I, ldtchloroethane 
1,l dtchloroethene 
1,24chloroethene 
bromoddoromethane 
carbon tetrachlonde 
chloroform 
cis-1,2-d1chloroethene 
methylene chlonde 
tetrachloroethene 
toluene 
trans-l,24chlomthene 
tnchloroethene 
bis(2-ethylhexyl)phthalate b 

hethylphthalate 
naphthalene 

*"a 

ir 

c 17 

I5 
23 
32 
7 
57 
58 
46 
26 
67 
9 
1 1  
62 
38 
20 
13 

s 0 00007 * heptachlor epoxlde L, ,A 
% \ 

* Repoxted in 1 of 
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T TABLE 3-7 
ROCKY FLATS PLANT OU-2 

ORGANIC COMPOUNDS DETECTED AT 
LESS THAN 5% FREQUENCY 

NO 1SANDSTONE 
/ I  - 

mg/L I Frequency % 

. a \  4 
J * ".., 1,1,2-tnchloroethane 00006 j ".., "., 3 

- + % %  3 
%\ '\ 

1,2dIchloroethane 0 W b f  3 
1,3dImethylbenzene @W 1 
4-methyl-2-pentanone P Q.81 4 

l,l,dichloropropene 0 0016 

1,2,3 -tnchlorobenzene OooOo3 "".% 

1,2,4-tnchlorobenzene 1 0 o O w \  % 6  

1,2,4-tnmethylbenzene $"ooo1~ "*\ 3 1 
1,3,5-tnmethylbenzene ' .g m 9  /* 1 
bromochloromethane 4 
carbon &sulfide 4 
chlorobenzene 1 
chloroethane 1 
chloromethane 2 
as-1 3dichloropropene 1 
&bromomethane 1 
&chlorocMuoromethan 1 

1 
4 
4 
3 
3 

0 00057 1 

6 
r 

i 



TABLE 3-8 

ORGANIC COMPOUNDS DETECTED AT 
LESS THAN 5% FREQUENCY 

UHSU GROUNDWATER 

ROCKY F’LATS PLANT OU-2 

I 

-mum Concentrabon Detectron 
Chemical m a  Frequency % 
1 , 1 , 1,2-tetrachloroethane 0003 ai % 3 
1,1,2,2-tetrachlomthane 018 / y ‘‘%.,* *“ i  3 

2 ”.., %\\ -*- 
1,1,2-tnchloroehne 002 ,A” / 
1,l dchloropropene 0002 -+w4 

1,2,3-tnchlorobenzene 0 Qm i 2  
1,2,3-tnchloroprope caw! 2 
1,2,4-tnchlorobenzene 2 
1,2dibfomoethane 
1,2dIchlorObenzene 

1,2dIchloropropane <1 
1,24rnethylbenzene (o-xylene) 3 

2 
a 1 

1,3dIchIorobenzene 
1,3dchloropropane 
1,~1methylbenzene (m-xylene) :*%+ 2 
1,4dichlorobenzene ‘% “, 1 

2 2-hexanone 1 
4-methyl-2-pentanone 0 01 2 
acetone Pfl=--%+ ’’ h 0 1 6  4 

,h005 5 benzene ’ -%. 

1,2,4-tnmethylbeyyd J 

1,3,5-tnmethyl~nuene 4 0001 1 

bfomobenzene 

1, 
“a, 

1 
<1 

1,2dIchloroehne * *  %* Ow731 3 

--‘-\ 

‘9, 

0 0001 2 

0 056 4 
0 0003 1 
0006 1 
0 02 1 
0 04 1 

cidmmethane 0 005 1 
1 7  1 
1 7  2 

ds- 1 Adichloropropene 
dripmihethane 

0 02 2 
0 0012 3 
0 001 2 

dichlohgldikqpmetlhng 00oO6 1 

ethy1benieM N 
hexachlorobu&&en~ 
n-butylbenzene 
ochlorotoluene 0 003 0 05 
p-chlorotoluene 0 0003 4 

*% 

Sheet 1 of2 I 
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TABLE 3-8 
(Concluded) - 

Maximum Concentratnon D e m o n  
mg/L Frequency YO 

PcYmene 0 0008 %, 4 
1,2~bromo-3chIoropropane 0 004 Q ' a  
sec-butylbenzene 0 2  3 
sec-dIchloropropane 0 01 c 1 
styrene 001 4 /"\ "., 3 
tert-buty lbenzene 00004 ".a 

vinyl chlonde 086 *.. 
di-n-butylphthalate o,m* 

7 

1 

1 

4 

0 ""-\\ "i i 

'""%* ""9, 3 

r 
8 

I '  

i 

"a, 
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TABLE 3-9 

NO. 1 SANDSTONE GROUNDWATER 

(Organics and Total Metals) 

ROCKY FLATS OU-2 

NONCARCINOGENS - CONfI'OX SCREEN 

A 

98 2 
chloroform (1) 
methylene chlonde (2,l) 3 9 00Ea  :9 6 00E-02 5 OOE+Ob4'"6 22E-03 4 
mangane=(3) 4 92 sh/v 1OOE-01 492EMl 612E-03 5 98 8 

1,2dchloroethene (2) 0054 % + %  '*d@ !#ME-03 6OOE+OO 747E-04 8 99 8 

acetone (1) 160E+OO 199E-04 11 999 
1 , 1,l -tnchloroethane (2) 144E+oO 180E-04 12 99 9 
cyamde( 1) 133E+00 165E-04 13 99 9 
trans-l,2d~hloroethene (1) E-02 125E+OO 156E-04 14 1000 
naphthalene (2) E-02 llOE+oO 137E-04 15 100 0 
bromodxhloromethane (1) O O Q %  ".w n/a 200E-02 900E-01 112E-04 16 100 0 
bis(2ethylhexyl)phthalate (1) 0017L., n/a 200E-02 850E-01 106E-04 17 100 0 

1, ldchloroethene (1) 0 036 '%$a %900E-03 400E+OO 498E-04 10 99 9 

&ethyl phthalate (1) 0 3 1  ".,'% n/a 800E-01 388E-01 482E-05 18 100 0 
toluene (1) 
1,1,1,2-tetrachloroethane (13 
1,ldichloroethane (2,3) ' '40E-01 100E-01 340E-02 423E-06 21 100 0 

2=Heast 1 9 h  ? I  
3=Heast 1991 \% 

RFD~ are in m t s  m e g - d a y a q i  slope factors are in w t s  of l/(rneg-day) 
f s, *kG 

"%. i 
ii 

\\., I 
b2 
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TABLE 3-10 
ROCKY FLATS OU-2 

NO. 1 SANDSTONE GROUNDWATER 

(Organics and Total Metab) 
CARCINOGENS - CONmOX SCREEN 

, '  
f 

-mum Inhalatlon 
Chemcal Value(ppm) Slope Factor SlopeZactor"y ~. Factor Index Rank Percent 
mchlomethene (2) 94 5 95E-03 ~'1 Jt%X@ T%03E+00 4 28E-01 1 42 8 
tetrachloroethene (2) 
carbon tetrachlonde (1) 
chloroform (1) 
methylene chlonde (1) 

13 1 80E-03 JlOE-02 %*%6 h l - 0 1  2 74E-01 2 70 3 

1 1  800Eg2' 610E-03 880btJ2 364E-02 4 98 1 
3 1 60S-03 7 50E-03 2 25E-02 9 31E-03 5 99 0 

4 5  525E-0& w130E-01 WE& 242E-01 3 94 5 

1, ldxhloroethene (1) 0036 l,@E41 600E-01 2 16E-02 894E-03 6 99 9 
bromdchloromethane (1) 0 018 n/a ,"*h620E-02 112E-03 462E-04 7 100 0 

1,1,1,2-tetrachloroethane (1) 0 0026 26BE-02 /," 260E-02 676E-05 280E-05 9 100 0 
benzene (2,l) 0 0 0 1  290E4& 49OE-02 290E-05 12OE-05 10 loo 0 

bis(2-ethylhexyl)phthalate (1) 0017 * \ W a *  4 140E-02 238E-04 985E-05 8 100 0 

-\ "-.., 2 42E+00 
--".a 

-----+* 

%d 
*-h"..m, -9 

l=Ins / --%e 

Sources 

2=Heast 199 1 b 

RFDs are in w t s  of mgkg-day and 

b i  

factors id in mts of l/(mg/kg-day) 

/- 
*d i 

4 --\--p 

- \%. 

6 
.4 i ,  - 

> %  

*a, % 

1 
I 
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TABLE 3-12 

GROUNDWATER (UHSU) 

(Organics and Dissolved Metals) 

ROCKY FLATS OU-2 

NONCARCINOGENS - CON/TOX SCREEN 

Chemml Vdue(ppm) RFD Index Rank Percent 
carbon tetrachlonde (1 ). 17 da 7 QdE4#+\,2 m M 4  9 28E-01 1 92 8 
tetrachloroethene (1) 
chloroform (1) 

14 2 98 2 
1 7  3 98 9 

as-l,2~chloroethene (2) 1 4  da, ~lOOE-02 140EW2L 535E-03 4 99 4 
methylene chlonde (2,l) 3 9  900E-0J2 600E-02 650E+01 249E-03 
manganese (3) 
1,l dchloroethene (1) 
bmum (1) 
1,1,1 -tnchloroethane (2) 
wnc (2) 
naphthalene (2) 
1,l-dIchloroethane (2,3) 
trans-I,2&chloroethene (1) 
bromodlchloromethane (1) 
bis(2-ethylhexyl)phthalate (1) 
&ethyl phthalate (1) 
toluene (1) 

Sources 

3 9  Aa- 100E-01 

031 ‘\ da 8OOE-01 
””001 13OEiQ1 200E-01 ,-”” *- 

d””””“^u, ‘s 

3 9OE+O1 
2 89EM1 
9 7 1 E W  
6 OOEW 
3 8OEW 
2 2 5 E W  
19OEW 
1 50EW 
1 OOEW 
8 5OE-01 
3 88E-01 
9 09E-02 
2 62E+04 

1493-03 
1 10E-03 
3 71E-04 
2 29E-04 
1 45E-04 
8 60E-05 
7 26E-05 
5 73E-05 
3 82E-05 
3 25E-05 
1 48E-05 
3 48E-06 

5 99 6 
6 99 8 
7 99 9 
8 99 9 
9 100 0 

10 100 0 
11 100 0 
12 100 0 
13 100 0 
14 100 0 
15 100 0 
16 100 0 
17 100 0 

l=Ins 
2=Heast 1992 
3=Heast 1991 
RFDs are in u ~ t s  of m are in U N ~ S  of I/(mg/kg-day) 

8 
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TABLE 3-13 

GROUNDWATER (UHSU) 

(Organics and Dissolved Metalsk), 

ROCKY FLATS OU-2 

CARCINOGENS - CONITOX SCREEN 

2 
sn d 

3 

Chermcal Value(ppm) Slope Factor Slope Factor By hqj or Index Rank Percent 
tnchloroethene (2) 94 5 9513-02 1 l04&2/ -%4-59* 636E-01 1 63 6 
carbon tetrachlonde (1) 
tetrachloroethene (2) 
1, ldxhloroethene (1) 

17 525E-02 13@-(d 2 251E-01 2 888 
'*'754E-02 3 96 3 

0 26 1 75E-01 2/ 6 hE-01 1 56E-01 +-% 1 78E-02 4 98 1 
13 1 80E-03 3~10&02 '"a 

chloroform (1) 1 7  800E-02 ,,< $lOE-03 136E-01 155E-02 5 99 7 
methylene chlonde (1) 3 9  160E-03+K y750E-03 293E-02 3 33E-03 6 100 0 
bromdchloromethane (1) 0 02 2 124E-03 141E-04 7 100 0 
bis(2ethylhe~l)phWate (1) 0 017 2 238E-04 271E-05 8 100 0 

R*, 
"., 1% 

sources 
l=Ins %" 

2=Heast 1991 
RFDs are in units of mgkg - day and slope factors are 

I 
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TABLE 3-14 
ROCKY FLATS OU-2 

GROUNDWATER (UHSU) 
RADIONUCLIDES - CONITOX SCREEN 

@ISSOlVed) 
/ i 

-mum Inhalabon w- R&k fisk Cumulatwe 
Chemd Value@Cfi) Slope Factor Slope Factor ,.Fai?tar Index Rank Percent 
uraru~m-23 5 1 5  n/a 240E-07 R NOEW 977E-01 1 977 
amenclum-241( 1) 21 3 n/a 2 40E40,~ 5 1fbQ9 % s  ~, 1 39E-02 2 99 1 
war~~m-238 76 n/a 2 1QE-lT 16OE-08’* ~~ 9‘33E-03 3 99 5 
~ r a r ~ ~ m - 2 3  3,234 43 n/a 3wp-11 129E-09 “ “ 3  50E-03 4 99 9 
ra&um-226 2 82 n/a , 1 NE-10 3 38E-10 9 18E-04 5 99 9 
pl~t01llum-239/240( 1) 0 8  n/a Y r3OE-10 184E-10 499E-04 6 100 0 
strontwm-89/90( 1) 0 39 n/a >3 3OE-3 129E-11 349E-05 7 100 0 

sources a: 
l=Heast 1992 0ra1 slope factors are i ~ & y n s k  per 

I 3 69E-07 Y* >\ 

“., ,8 

v 

2, a 

1- \ 

pz (4034-2630049 $40) (R113-14 XLS) (7/18/93 10 07 PM) t Sheet 1 of 1 
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Nonwclnogemc Effects Carunogemc Effects,$/' I id Rahonuchdes 

co-1,2-dichloroethene l,l-dichloroethey!' j* amenuum 241 

uranlum - 235 carbon tetrachlonde 
I v  

carbon tetrach#cjri# "'L ab* ' %\., 1 
chloroform chlorofo '** _I_ '.@utoniuxn 239/240]* 

'z %% 

tetrachloroethene tetraceroethcne [radium 226]* 

tridhor6ethene 

* Probable chemicals of concern if uran 2 m btopes / P$"lh*% ye determined not to be ate-related (see text) y *% 4 

I 

I D ,---\ 

TABLE 3-16 
ROCKY FLATS PLANT OU-2 
CHEMICALS OF CONCERN 
GROUNDWATER (UHSU) 

(4034 %34049-540)(RT316)(07 19-93)(146pm) 
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4.0 
SUBSURFACE SOIL CHEMICALS OF CONCERN 

R 

5 
0 

E 
P 
t P- 

4.1 DATA EVALUATION 2 

Chemicals of concern m subsurface sod were selected usmjj'the data set identdied m Table 2-2 
This mcludes borehole samples collected m 1987 nd m 1991-1992 by W-C 
Borehole samples were analyzed for volatlles, semiv and metals The data 
received from RFEDs were reviewed and edited usm outhned m Section 
2 1 to develop a data set for further evaluation//> 

B f  

The data set used to identlfy potential chen$a of 
restricted to samples collected above the 

em for exposure to subsurface sods was 
d the possibhty of collectmg 

subsurface sod samples (bu(2- 
et hylhexy1)ph t hala te, di-n-bu t ylphha oride, and acetone) were evaluated to 
judge whether thelr Occurrence may& ntamination from samplmg or analytical 
procedures If these consistently low concentrations regardless of 
samplmg location, it i e sources m OU-2 and can be 
elunmated from furth e purposes of this evaluation, 

used as the value to screen out a compound as a 
these compounds follows 

Bls( 2-et hylhexy1)ph thalate and di-n- 
In most cases these 

phthalgtes are detected Wow the detection limit of 330 pg/kg The data suggest that the 
gt related to waste or contaminant disposal Bis (2-ethylhexyl) 

er concentration (12,000 pg/kg) m BH 3887 at a depth of about 
compound is not considered to be an OU-2 contammant of concern 

Jviethvlene C hloridq Methylene chloride was detected in subsurface sod samples 
Concentrations range from the detection limit of 5 pg/kg up to 10 times the 5 pg/kg Only one 
subsurface sod sample from source borehole BH 2587 shows a detected concentration of 
50 &kg or 10 times the detection limit Since the frequency of detection at concentrations 

d samples across OU-2 

I T'" 
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greater than 10 tunes the detection lunit is low, methylene chloride is considered a laboratory 
contammant and not an OU-2 contammant 

Acetone Elevated concentrations of acetone were observed in SIX subsurface sod samples 
collected from Trench T-3 (IHSS 1 lo), Trench T-4 (IHSS 11 1 lh and Trench T-1 1 (IHSS 11 1 8) 
m the Northeast Trenches Area The acetone analytical r&ts in this area range from 68 to 
26,000 pg/kg Of the SIX borehole samples, only boreholt$'lQ191, BH 4187, and BH 4287 had 
concentrations of other VOCs identified Acetone is aotfldaqteristic of sod contammation 
m OU-2, but may be retamed as a "special case" che cal of co northeast Trenches 

p*"a, 

J i 

a 

P 

Area i % 

Hlstorical information mdicates that aceto 
However, analytical results for acetone in 
less than 50 pg/kg 

Acetone was detected above the criteria of 10 tim:*? 
sod samples m the Mound Area 
of other VOCs, and, therefore, a*to 

bottoms were located m the 903 Pad Area 
t*n from this area show concentrations at 

tion limit in numerous subsurface 
id not have detected concentrations 

be a laboratory contammant m these 

samples \%> c 6' $ 

% 

4.2 BACKGROUN R I S O N V a  INORGANIC COMPOUNDS 

Its of comparmg concentrations of metals and 
radionuclrdes in ound levels Metals and radionuclides that did not 

m further consideration as potential chemicals of 
on process is described m Appendlx A 

NOTErrh error has b&n aoted in some reported analyses in the electronic data file for the 
backgquhk metals datq' fqbm the Background Geochemical Characterization Report that is 
likely to b#fe&%he *Its of the background comparison. The error is being corrected and 
new results wib$*&dnted in the revised draft of this document. The chemicals of concern 
presented in this &&on are therefore preliminary. 

".h b b l  

4 3  FREQUENCY OF DETECTION 

Compounds detected at a frequency of 5 percent or greater (excepting the laboratory 
contammant elmmated above) were considered potential chemicals of concern and are listed 



1 
P 

i I Ip. ”5 

! T 

m Table 4-3 Except for the probable laboratory contammants identlfied m Section 4 1, these 
compounds are mcluded in the concentration/toxicity screens that accompany this section 

Compounds detected m subsurface sods at less than 5 percent frequency are hsted m Table 4-4 
The potential for exposure to infrequently detected compounds is low Nevertheless, 
concentrations of mfrequently detected organic compounds wereTurther evaluated as described 
m Section 4 5 to identify those that could contribute signficwitly to rrsk If the chemicals were 
associated with elevated concentrations of several cheyiks 

4.4 CONCENTRATION/TOXICITY SCREENS 

% 

% 

ern at exposure areas 

?; 

Concentration/toxicity screens were used tydd6tify chemicals, based on concentration and 
tomcity, that could contribute significant1y”tp’risk to ehminate chemicals from further 
consideration that contribute insi /$he screen was performed on chemicals 
detected above background and a t or greater The concentration/ 
tomcity screen process was explain f the screen for borehole data are 
shown m Tables 4-5 (Nonca& (Carcmogenic Effects), and 4-7 
(Radionuchdes) Note the con/bx e revision followmg the corrections to 
the background data comparison t r  *qg 8’ -+----” 
4.5 EVALUATION QUE~LV~DETECTED COMPOUNDS 

ent frequency may be ehmmated from further 
ure IS low However, these compounds were 
tly detected compounds that could contribute 

s were associated with elevated concentrations of several 
is screen, maximum concentrations of infrequently detected 

ning values using the approach outhed m 
d descriq @I greater detad in Appendlx B 

% ”, * 
’B %*i ”- 

Results of th>komparkn are shown m Table 5, B-7 and B-8 No mfrequently detected 
compounds in subsdce sods were present at concentrations greater than the screenmg values 
used m the analysis Therefore, no “special case” chemicals of concern are identlfied for 
subsurface sods, except acetone in the northeast Trenches Area (see Section 4 1) 

-% 

4-3 



4.6 SUMMARY OF CHEMICALS OF CONCERN IN SUBSURFACE SOIL 

Chemicals of concern 111 subsurface sod identlfied by the approach described above are hted 
111 Table 4-8 These are arsenic, tetrachloroethene, uranium-238, americium 24 1, and 
plutonium 239/240 i 

' 9  
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TABLE 4-3 

ORGANIC COMPOUNDS DETECTED AT 
5% or GREATER FREQUENCY 

SUBSURFACE SOIL 

ROCKY FLATS PLANT OU-2 

Mmmum Btection Frequency 
Concentration, mg/kgs@' % 

*Acetone 26 / P %  = 34 
i *..a2 *Methylene chloride 037 ++ 

1,2-Dichloroethane 0 120."5- 

2-Butanone Os& 7 

l,l, 1-Trichloroethane / *  I3 $ % %  7 

>& %* \ 
%*. %% 

% 

w -w> 

Tr ichloroethene $t3 <4 5 3  

Toluene 13%% - \*  34 

Tetrachloroethene 

Total xylenes 

*Bis(2-ethylhexyl)phthalate 
18 

minant (see text) However, acetone at the NE 

(4034 2630049 540)(RT4-3)(07 19 93)(143pm) 

I 
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TABLE 4-4 

ORGANIC COMPOUNDS DETECTED AT 
LESS THAN 5% FREQUENCY 

SUBSURFACE SOIL 

ROCKY FLATS PLANT OU-2 

Maxlmum Concentrahoay ~ betechon Frequency 
m d k g  ir % 

* ".% ", 

1,l-Dichloroethane 0008g %""* %\03 

% 

1,1,2-Tnchloroethane 0 027 r\ *%" 0 7  

% %, 2 
O R b  *i% 

1,2-Dichloroethane 

2-Chloroethylvmylether 0 wl 0 7  

Benzene 

Bromomethane 

0 3  

0 3  

Carbon tetrachlonde \ MBP 4 

Chloroethane aDSs:-. z 0 3  

3 

C~-1,3-dichloropropne', %N+-p 0 3  

m k".., +% 
Chloroform %-%# 

Ethylbenzene 1 
'* Styrene 4 017 

l z p  Ar oclor- 12$@ \ k 8 9  

Pentahl$ophend I 0095 

/"". 
4,4'-DDT J *k' 014 

f --- 
1,4-D e 0 043 

1 0  

1 3  

0 3  

2 

0 35 

07  

0 4  

1 8  

2 2  

Di-n-octyl phthglate 
/ 

'% Phenanthren4 8 

i r L  "., 

0.26 

27 

0 4  

1 8  

% 2Xethylniphtkalene 8 1  1 
% 

ktxqapaepe 028 0 7  

048 0 7  

Chrysene 0 42 0 7  

Naphthalene 2 0  0 7  

Benzoic Acid 0 4  0 4  

.. , 

I 
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TABLE 4-5 

ROCKY FLATS OU-2 
SUBSURFACE SOIL 

(OrganicsandMetals) J 

NONCARCINOGENS - CONITOX SCREEN 
"% 

_. 
arsenic( 1) 37 n/a 300&04 * 123E+O5 W6&2 2 100 0 
l,l,l-tnchlorethane(2) 13 300E-01 90@%@! 144E-tO2 lO'bM4 3 100 0 
toluene( 1) 1 1  11OE-01 2hOJ$Ol lOOE+Ol 702E-06 4 100 0 
2-butanone( 1) 015 300E-01 %dE-01 500E-01 351E-07 5 100 0 
total xylenes (1) 0 23 n/a y %OOEigS%. 1 15E-01 808E-08 6 100 0 

a +%", 1 42E+06 

SOUrCeS 

(1) Ins 
(2) Heast 1992 

Toxlcily factors are in wts of mg/kg-day (RFDs) 

b 

Sheetlofl 
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TABLE 4-6 

ROCKY FLATS OU-2 
SUBSURFACE SOIL 

(Organics and Metals) 
CARCINOGENS - CON/TOX SCWEN 

2 %  

,e 

P 

MaxUnum Inhalahon Oral -hWk Rtsk Cumulatme 
Chenucal ValUe(ppm) SlopeFactor SlopeFmd ",, Index Rank Percmt 
tetrachloroethene(2) 13000 180E-03 5 m 2  6 6 m 2  \ 544E-01 1 54 4 
-41) 37 1 5OEtO1 A>75E+Oo 5 55E+&'% ,~ 55E-01 2 99 9 
trlchloroethene(2) 120 595E-03 i f10E-02 132E+OO 108E-03 3 100 0 

910E-02 ' ' 910E-02 109E-02 896E-06 4 100 0 1,2dxhlwoethnne (1) 0 12 
5 100 0 

fY 

N - W ~ h p h ~ y l ~ e (  1 ) 0 37 n/$ 490E-03 181E-03 1 49E-06 

(2) Heast 1991 

Toxlcity factors are m umts of mg/kgday (RFDs) 1 

Sheet 1 of 1 
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TABLE 4-7 

ROCKY FLATS OU-2 
SUBSURFACE SOIL 

RADIONUCLIDES - CON/TOX SCWEN 
$ "  

i w( Rlsk Cumulabve 
Index Rank Percent Cheuucal Value@Cdg) Slope Factor Slope Factor F g t o h  

m ~ m - 2 3 8  (1) 113 2 40E-08 1 6OE-11J d 71&-0B* *I ", 4 19E-01 1 41 9 

h l  

Maxlmum Inhalabon oral 

PhtONUm-23 9/240( 1) 
amencium-24 1 ( 1) 

68 380E-08 230E- 81 8 
25 320E-08 2404- 94 1 

p luto~~m-239( 1) 380E-08 10 236EAO 380E-07 5 w - 0 2  4 100 0 
&~m-228 (1) 2 6  6 6OE-10 d O @ - l O  1 72E-09 2 65E-04 5 100 0 
tnbum (1) @Cl/L) 1500 7 80E-14 5*40E-14 1 17E-10 181E-05 6 100 0 

1 9OE-11 .2 8OE,&k 6 72E-11 1 04E-05 7 100 0 
8 100 0 ** 

~~iu111-137(1) 2 4  
6% \*r 1 

".% * 6 48E-06 
sources' 
(1) Heast 1992 

Slope factors are in wts of VpCi 

?+\\\ 

-?8 
---% 

,+-\ 
\ L*** 
! 

k + Y +  ,"\) 
\% 
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TABLE 4-8 
ROCKY FLATS PLANT OU-2 
CHEMICALS OF CONCERN I 

SUBSURFACE SOIL 

Noncarcmogenic Effects Carcinogenic Effects Radionuchdes 

arsenic arsenic americium 24 1 

tetrachloroethene tetrachloroethye plutonium 239/240 
* * g ,  %% \ *  I i  

%\ 
a r  

%+, * % \  \ 

b- 
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5.0 
SURFACE SOIL PRELIMINARY CHEMICALS OF CONCERN 

5.1 DATA EVALUATION 1 

4s 

Chemicals of concern m surface sod were selected using ithe(data set identlfied m Table 2-2 
Ths mcludes surface sod samples collected m 1991 byktN" clides) and m 1993 by 
Woodward-Clyde Surface sod samples were analyze#' f+ se pesticides, metals, and 
radionuclides Not all analytical results for surface so& hav All data received 
as of June 6, 1993,s mcluded in this evaluatioy As of June 1993, imately the followmg 
amount of 1993 surface sod data has been reeked semivolatde organics (loo%), pesticides 
(loo%), metals (18%) and radionuclides hemicals of concern are identlfied 
on a prelunmary basis untd all the data 

Several organic compounds det 
hydrocarbons (PAHs), PCBs, an 
is hkely to be due to waste dis 
below 

k f l  

P- 

ed and evaluated 

(benzoic acid, polycychc aromatic 
to judge whether ther occurrence 

2 or not This evaluation is described 

% i l  

rface sod samples obtamed withm OU-2 Benzoic 
d below the CRDL of 1,600 mg/kg Benzoic acid 

51 to 007 mg/kg and are evenly distributed across OU-2 
'hqot considered as a waste-related contaminant to OU-2 

- % %  
-% 4 

e, benzo(a)pyrene, benzo( b)fluoranthene, benzo(a)anthracene and 
These 

e typical hydrocarbon combustion by-products from vehicular traffic 
PAHs were detected in surface sod samples collected around the Pallet Burn Site 
(IHSS 154), at estimated concentrations rdngmg from 38 to 200 pg/kg The 
concentration of these PAHs load simdar to other PAHs observed across OU-2, which 
ranged from approximately 47 to 390 pg/kg The PAHs detected around IHSS 154 are 

etected in surface sod samples obtained withm OU-2 

(4U34-~9-Y0)  (TIM*) (07/19/93 217prn) 5- 1 
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Uely due to vehicular traffic and are not due to waste-related contaminants Therefore, 
these SVOCs are not considered to be waste-related contaminants in OU-2 

0 PCBs 

\% 
The PCBs Aroclor-1254 and Aroclor-1260 were d e t e  fl surface soil samples obtamed 
from Trench T-1 (IHSS 108) and the Mound Site &&SS 113) It is believed that these 
PCBs are localvled contaminants related to thy They are evaluated m 
Appendlx B by comparing maxmum c$nq&nt risk-based screenmg 
concentrations 

\ 

".., 
* 

delta-BHC I 

I 
n a" % 

The msecticide delta-BHC was4 
Occurrence is probably due to mal 
contammant 

'iy one of 52 surface sod samples It's 
rations It is not considered an OU-2 

I 
fl 

0 Bis(2-ethvlhexvl 

Bis(2-ethylhexy1)phthalate was '+tectdd m 9 of 40 surface soil samples widely dlstributed 
In most cases, bls(2- 

the detection h i t  of 330 pg/kg The data 
te in OU-2 IS not related to waste or contammant 

from 49 to 510 pg/kg 

?, 
."Ttre pesticide 4,4qD'DT was detected m one of 52 surface sod samples at a concentration 
of 2$ pg/kg Thp ldw concentration is probably residue from former pest management 

thqplant or nearby It is not considered an OU-2 contammant acwt 
""-, 

a , ?  

-7%- .a, 'v 1 
k 

- &  .J 
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5.2 BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS 

Tables 5-1 and 5-2 summarlze the results of comparing concentrations of metals and 
radionuclides in surface samples to background levels Metals and radionuchdes that did not 
exceed background levels were ehminated from further consideration as potential chemicals of 
concern The background comparison process is described MI Appendlx A Thalhum appears 
to exceed background levels by the ANOVA test 

Thakum is not considered an OU-2 contammant bec&yrit was 
at low concentrations (0 5 mg/kg) 

-% 
"% 

6 m only 2 or 9 samples 
i 

/"*.% 

The radionuchdes americium-24 1, pIutonium-Z39f240, and radium-226 are retamed for further 
evaluation as possible OU-2 contaminants 

53 FREQUENCY OF DETECTION < \  

,% 

%* \\ / *  

Organic compounds detected at a ercefidr greater were considered potential 
chemicals of concern These c m  m Table 5-3 None of the organic 
compounds detected at 5% or greatqr *ft;e~e@cy ai% 'likely to be related to waste sources in 
OU-2, as described m Section 5 1 

-* 

*s t.4 ( 
'j 

"8, 
an 5 percent frequency are listed m Table 5-4 

tly detected compounds is low Nevertheless, 
as described in Section 5 5 Other compounds 

detected at <5% fre 

CITY SCREENS 

ounds or metals were identified m surface sods using the avadable 
of the infrequently detected PCBs that are evaluated m Section 5 5 

n/toxiaty screen was performed only for radionuchdes of potential 
tion/toxicity screen process was explained in Section 2 4 Results of the 

screen for radionuchdes in surface sod are shown in Tables 5-5 Plutonium-239/240 contributes 
over 99 percent of the total risk factor Americium-241 wdJ be retained for evaluation m the 
risk assessment even though it contributes only a small fraction of the total risk factor 

5-3 



a 55 EVALUATION OF INFREQUENTLY DETECTED COMPOUNDS 

I 
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I 
8 
4 

Compounds detected at less than 5 percent frequency may be ehmmated from further 
consideration because the potential for exposure is low However, the PCBs detected m surface 
sods were further screened to assess the need to evaluate them as "special case" chemicals of 
concern In this screen, maxlmum concentrations were cornpixred to risk-based screening values 
usmg the approach outhed m Section 2 5 and described Jn greater detad m Appendlx B 

Results of the cornparson are shown in Table B-8 The $CBs k u & & q  sods were not present 
at concentrations greater than the screening valueqanatherefore, t P % d h t  warrant inclusion 
m the risk assessment 

I *̂., 

"-, 
' P+% x., 

b i  

8 

r / 

""1- ' C r  

5.6 SUMMARY OF PRELIMINARY C E ~ E M I C ~ O F  CONCERN IN SUBSURFACE SOIL 
$ 4  

Preluninary site-related chemicals of concern 
and americium 241 The selectio 
evaluation of the complete ana 

suace sods in OU-2 are plutonium-239/249 
wdJ be verified upon receipt and 
e sods 

"--*%$ 
8 c 
k /y 



I 

I 

I 
I 
I 

I 
E 
8 .  

a 
0 
0 





I 

I 
8 
t 
I 
I 
I 

TABLE 5-3 
ROCKY FLATS PLANT OU-2 

ORGANIC COMPOUNDS DETECTED AT 
5% OR GREATER FREQUENCY 

SURFACE SOIL 

Maxunum Concentratian Detection Frequency 
mglkg ,. ~ % 

Benzo(a)anthracene 0 160 ."p%%& %\, 17 

Benzo(b)fluoranthene 0jdp k \ s  17 

Benzoic acid 0 2  88 

Benzo( a)pyrene 0 160 < ?" \\* 17 

Bis(2-ethylhexyl) phthalate 4 5 1  A- 21 

Chrysene 23 

Fluoranthene 38 

Phenanthrene 25 

Pyrene 46 
B h 3 f 

---,%e 

+\ 

L, 
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TABLE 5-4 

ORGANIC COMPOUNDS DETECTED AT 
LESS THAN 5% FREQUENCY 

SURFACE SOIL 

ROCKY FLATS PLANT OU-2 

L r .  

Maxlmum Concentratpn, Detection Frequency 

Benzo(g, h,i)perylene 0061 > 4 91 *""., 
"., % 

%.., b 
%J 

Benzo(k)fluoranthene 0 076 

Di-n-butyl phthalate 1 0  
c y c y  

* ck83 ". 

'"., 
Indeno( 1,2,3-cd) perylene 

4,4'-DDT ' >\ wgi  
% 

0.47 
% 

Aroclor- 1254 

Aroclor-1260 

delta-BHC 

(4034 26M(upJ4o)(R7l'54)(QI l S a ) ( l @ 5 )  Sheet 1 of 1 
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TABLE 5-5 

SURFACE SOIL 
ROCKY FLATS OU-2 

RADIONUCLIDES - CONf'I'OX SCREEN 

Risk Cumulabve Maxlmum Inhalabon M A  
Chemcal Value(pCr/g) SlopeFactor SlopeFactor,f &actor Index Rank Percent 
pl~t01~~m-239/240( 1) 1 lo00 3 80E-08 230W10 W8E-04 992E-01 1 99 2 
americium-24 1 ( 1) 110 3 20E-08 2 #fE-$O*.BLa 52% 8 35E-03 2 100 0 
&~m-226 (1) 
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TABLE 5-6 

CHEMICALS OF CONCERN 
SURFACE SOIL 

ROCKY FLATS PLANT OU-2 

4 
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APPENDIX A 
BACKGROUND COMPARISON 

FOR METALS AND RADIONUCLIDES 

A% 
Concentrations of metals and radionuchdes detected m sod and groundwater m OU-2 were 
compared to background concentrations reported w /the Background Geochemical 
Characterlzation Report (EG&G 1992) to help distlar compounds that are 
naturally-occurrmg withm background range fro@ comp ur m elevated 
concentrations due to chemical releases in OU-2 &# the background 
comparison are shown in the flow chart in Figupe 4-1 

Step 1 - Categorlze OU-2 Samples and 

Background data and OU-2 samp 
surface vs subsurface sod 

Step 2 - Comparison to Backgrouhd 

"$9, 
described below 

f 

og~c unit (for groundwater) and by 

aaea, 
b P  -"-% 

%, kl' 8 
hmit (Vn) of the background results 

the compound was retained for further 
the UTL, the compound can be considered to 

rther analysis by ANOVA may be performed 
at least P% of a population with p% probabhty 

abdity is associated with the tolerance h i t s  smce they are 
refore have some level of uncertainty assocmted with them 
in decision makmg, both "p" and "P" are chosen to be large, 

m thiqea$ p = 0 95 and B ~r 95% A one-sided tolerance is appropriate for analytes for which 
ackground are mdicative of potential contamination If less than 5% of the non- 

ts fodakven analyte exceed the upper 95% tolerance hmit (UTL) of the 
s,hhch the non-background and background populations were considered 

equivalent Conseqdntly, these analytes can be deleted from the list of potential contaminants 
based on background comparison If greater than 5% of the non-background results exceed the 
background UTL, Step 3 is performed The comparison to UTL was performed using the 
detection h i t  as the concentration for non-detections 

If more than 5% of 

I *  

(4034-26w)o19-yo) (ApxA) (07/19/93 1OJ3un) A- 1 
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Step 3 - Percentage of Non-Detections 

Are there more than 50% non-detections m the grouped background and non-background 
observations? If so, the Wdmxon Rank Sum test is an appropriate analysls 

Step 4 - Wdcoxon Sum Rank Test 0 

The Wdmxon Rank Sum test may be used if there a r e b  
grouped background and non-background data In 
this technical memorandum, all data were evaluate 
through 8) ANOVA requires at least three o 

n-detections m the 

ANOVA (Steps 5 

Step 5 - Distribution of Data 
i 

Were the data normally distr it is necessary to identlfy sample 
distributions (Step 5) and equa ermme whether non-parametric 
(Step 7 )  or parametric (Step Id be used Non-detections were 
mcluded using a value equal to 

Normahty of the raw data 
the Ldhfors variation 

mmmg the results of the Shaplro-Wilk test or 
off test If the data was normally dlstributed, 

normally dlstributed, it was determined If the 
mvahdate the parametric ANOVA test If the 
and if data transformations could not achieve 

tatistical methods (Step 7 )  were used for evaluating the data 
n of a set of observations around the mean of a random 
ckground and non-background populations are equal, and 

normality, then non- 

the dapd we normally di$trkbuted (Step 5), then parametric one-way ANOVA tests are used 

With oneweptwn data for metals or radionuclides were not normally distributed Therefore, 
Step 6 was gehral&fn# performed and the data were evaluated by Step 7 ,  non-parametric 

? %%. 
3 

"., 
", %! 

ANOVA \J 

Step 6 - Equahty of Variance 

Are the variances of the background and the non-background data equal' (Thls step only 
apphes to normally distributed data) 

A I  
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Step 7 - Non-parametric Test 

If data are not normally dlstributed or the variances are not equal, the Kruskal-Walls non- 
parametric test is used A non-parametric ANOVA, such as the Kruskal-Wahs test, evaluates 
dlfferences in the mean rankmgs of the data (rather than the raw data or transformations of the 
raw data) Parametric ANOVA was used If both backgroudd and non-background data were 

, 
normally distributed, and the variances are equal * *  

-% -r 
d 1., %-_ 

Step 8 - Parametric Test 

If the data are normally distributed and the vardnds are equal, then a Carametric test is used 

3 ‘ 9  

\ ‘i *’ 

f f ,  

(used in one case) / *  

>J 8% 

The tables on the followmg pages presentyhe r&&s & the background comparlsons for metals 
and radionuclides 111 groundwater, subsurface w%, a$surface sod Explanatory notes precede 
the tables *b\ 

\ 

1 

Table A-1 95% UTL Compah$o 1s in Groundwater 
Table A-2 95% UTL. Comparisbq Wtal in Groundwater (No 1 Sandstone only) 

roundwater (No 1 Sandstone) 
t 

d Radionuclides m Groundwater (UHSU) 
s in Subsurface Sod 

Table A-6 95% l@’L Cqih dionuclides 111 Subsurface Sod 

rison Radionuchdes in Surface Sod 
n Total Metals in Groundwater (No 1 Sandstone) 

ed Metals in Groundwater (UHSU) 
Table <A- 1 1 ANOVAComparison Total Radionuclides in Groundwater (No 1 Sandstone) 
Table A42 Background Comparison Dissolved Radionuchdes m Groundwater 
Table kd3Back@u& Comparison Metals in Subsurface Sod 
Table A- 1 4 h c l & $ m d  Comparison Radionuclides in Subsurface Sod 
Table A-15 BacEFound Comparison Metals in Surface Sod 
Table A-16 Background Cornparison Radionuchdes in Surface Sod 

. - - -  
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EXPLANATORY NOTES 
BACKGROUND COMPARISON AND 95% UTL TABLES 

ROCKY FLATS OU-2 

"s. 

Groundwater Background comparisons for metals and r a d i w d d e s  m groundwater were done 
two ways (1) No 1 Sandstone separately and (2) an awegate of the No 1 Sandstone, Rocky 
Flats Alluvium, Colluvium, and Valley Fdl (Upper Hydds@qt&qhic Unit or UHSU) The No 
1 Sandstone is the only hthologc unit that can pos&iykuppowkh%er supply well Yields m 
other units are seasonal and so low that supply xo&fbe depleted'wtadays under a typical 
domestic pumpmg scenario Therefore, the Nd VSandstone is the appropriate hthologc unit 
to evaluate m selectmg chemicals of conceqfor a hypothetical on-site residentd groundwater 
exposure Scenario (Total metals and radpnuchdegiwere mcluded m this scenario ) Combmed 
data from UHSU were used to identdy dkadionuchdes for further consideration m 
selectmg chemicals of concern for fa rt modehg (Dissolved metals and 
radionuchdes were mcluded m 

, 

"".. 

\h 4 

"1 \ #  

I 

I 

There were no background datB ucltdes for groundwater m the No 1 
Sandstone Therefore, combme nd colluvium were used to estabhsh 
background levels of radionuchdes fo&on@arison to OU-2 data 

I - 
akused m the background comparison were from 
i table Sod samples collected below water table were 
se of the potential for cross-contammation from 

a from subsurface sod samples are mdependent of groundwater 

Sur&ce,$od OU-2 su~aFe  sod data used m the comparison to background mcluded all data 
submltteha Woodwavd-Clyde by June 6, 1993 

Comparison t&Bacl&ound UTLs OU-2 data were compared to the 95% UTL of the 
background data %fino more than 5 percent of OU-2 results for a gven analyte exceeded the 
95th percent UTL of the background data, the analyte can be considered to be withm 
background range Additional evaluation by ANOVA may be performed 

-% \, 2 p 
p. 

-* 

I 



ANOVA Comparison Tables "Consider Further" The last column of each ANOVA 
Comparlson Table contains a yes (Y)  or no (N) to indicate whether the metal or radionuchde 
wdl be considered further 111 selection of contaminants of concern A "yes" means that the metal 
or radionuclide appeared to exceed background levels based on the ANOVA analysis (or that 
there were no site-specific background data avadable for cowanson) OU-2 data were also 

rl 

evaluated by comparmg to the 95% UTL of the backgrounqdata (see above) Fmal selection 
of chemicals of concern was made followmg further evayatwn of the data (e g , frequency of 
detection, concentration/tomcity screens, and spatlal d&trMc$ 

, , -% Ba 

<,/ "\ %*4.% 
Use of Non-detect Values in Calc ulatrons For @eta$, the UTL cbqpahson was performed 
usrng the detection hmit as the concentration fgf dn-detections, the AkOVA was performed 
using one-half the detection h i t  for non-d@dions For radionuchdes, non-detections and 
negative results were not mcluded in the dcuIatioy*k 

' b  
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TOLERANCE LlMrrS 

>59: EXCEEDING BACKGROUND 

* 

d 
PARAMETRIC ONE-WAY 

ANOVA 

& CONCLUSIONS 

U S  DEPARTMENT OF ENERGY 
Rocky Flats Plant. Goldm, Colorado 

OPERABLE UNIT N O 2  
PHASE I1 RFI/RI REPORT 

SELECTION OF STATISTICAL METHOD 
FOR COMPARISON OF BACKGROUND 

AND NONBACKGROUND POPULATIONS 

FIGURE A-1 JULY lW3 
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TABLE A-1 
ROCKY FLATS PLANT OU-2 

95% UTL COMPARISON 
TOTAL METALS IN GROUNDWATER, pg/L 

NO 1 SANDSTONE 
i"% 

ou-2 Detected Bknd Background % of ou-2 data 

M y t e  M n  MaX DF % Max 95"5GguTL(1) > 95% UTL (2) 
Alummum 870 128000 100 7000 ri "".83%., 71 

4 Arsenic 1 11 77 
Anumony 10 297 20 161Q(cit 1% ykT% 0 

-b "% 
+ 7% "\ 

BalNUtl 99 3090 100 c $1810 1451 7 
Beryllium 1 19 63 4 60 126 0 
cadmium 1 11 36 172@++, 1356 0 
Cesium 30 24 
Chromium 4 0 
Cobalt 3 0 
Copper 4 0 
Cyamde 1 21 
Lead 1 53 
Lithium 4 0 
Manganese 9 31 
Mercury 0 25n' 15 
Molybdenum 3* ii 26 49 1600 1263 0 
Nickel 4 d 8 a d -  1660 1311 0 
selenrum "E,>Wi 6 50 2 3 18 

13 300 237 0 
99 1110 1114 25 
15 2 2 5 

Tin 14 ' 87 21 100 92 1 
vans- "., 7 345 100 1670 1318 0 \ 

Zinc %ha %%-%14 , ,  ' , 839 98 1800 1442 0 
v* 

\ 
% F 

(1) Background &&Wucal Charactenzation Report, Rocky Flats Plant, EG&G, 1992 
(2) UTL cornpanson IS performed using the detection limit for results reported as nondetect 

Therefore, the maximum detected value in OU-2 can be below the 95% UTL of background even 
though the UTL companson shows that a certain percentage of OU-2 data exceeds the 95% UTL 
of background 

DF = Detmon frequency 

2.' A- 
- - h*- (4034-263-?WXR'ITA I XLSX7/1B193 3 27 PM) 

l 6' 
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TABLE A-2 
ROCKY FLATS PLANT OU-2 

95% UTL COMPARISON 
TOTAL RADIONUCLIDES IN GROUNDWATER, pCdL 

NO 1 SANDSTONE 

ou-2 Detected x P h d  Bknd95% % 0fOU-2data 
-yte Mn Max DF .” +@ax UTL (1) >95% UTL 
Amenaum-24 1 0 001 1 09 86/102,&” *, *’* h & O h  ~~ 0 053 7 

1 $?h **%-%+ 1 82 0 
\ 20 

Cesium-137(2) 0 05 166 49/9f\ 
Plutomum-239/240 0 0006 5 02 1 @ v j  
Stront~um-89190 0 39 0 39 !P 
Tl-ltlUm ND - 4/16 555 691 5 0 
umum-23 31234 3 7  8 2  414. 164 165 4 0 

UEiniUm-235 006 028 k., .4/4 6 29 10 2 0 

Uranium-238 2 6 4  “I- -4/4kw 108 105 5 0 

, 

002 *.,%do36 
NE * 

i Y*< P* 

‘\ 

(1) Background Geochemical Charactenzatton 
Note No background data for ra&onuclides 
Background UTLs are calculated using data 

(2) Includes “total ra&oacUve cesium” (4 analyses) % 

DF = Detection frequency (no detect ) <*\ 

ND = not detected v 
NE = not evaluated Data i d i c i e @  95%w& y 

* Compansoncannotbemadd ,/ 8 

i” 1’ 

f 
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TABLE A-3 
ROCKY FIATS PLANT OU-2 

95% UTL COMPARISON 
DISSOLVED METALS IN GROUNDWATER, pg/L 

USHU 
Y 

ou-2 Detected Bknd &&ground % of ou-2 data 

Analvte Mm Max DF % Max 9%UTL(I) >95% UTL (2) 

Anumony 8 88 17 6o:J 

ArSerUC 1 8 11 40 
100 p 260 BUWIl 23 675 

Beryllium 1 3 4 ? 5  

Cesium 30 120 20 "a; .,m 

f f l  

Cadnuum 1 98 11 9 %  
h\ 

Chromium 3 
cobalt 3 
Copper 1 
Lead 1 
Litluum 2 
Manganese 1 3940 73 180 

1 2  c Mercury 021 ~ 3\ 
Molybdenum 2 6-67 
Nickel 
Selemum 
Silver 
Stronuum 
Thallium 
Tin 
Vanadium 3 12 69 50 

"* 1 il 759 67 129 Zinc & \  

8*s 

8 "\> 
176 
4 
5 

747 
13 
37 
20 
5 

113 
27 

0 64 
64 
30 
5 
10 

1041 
9 

76 
36 
40 

6 
0 
37 
0 
1 

0 
8 

0 
0 

1 
1 

46 
0 
1 

6 
5 
1 
6 
0 
2 
0 
4 

-b 

(1) Background &zQc$&#~~ Charactenzauon Report, Rocky Flats Plant, EG&G 1992 
(2) UTL companson rformed using the detecuon limt for results reported as nondetect 

Therefore, the maximum detected value in OU-2 can be below the 95% UTL of background even 
though the UTL cornpanson shows that a certlun percentage of OU-2 data exceeds the 95% UTL 
of background 

DF = Detechon frequency 

Sheet 1 of 1 

i 



' I  
TABLE A-4 

ROCKY FLATS PLANT OU-2 
95% UTL COMPARISON 

DISSOLVED RADIONUCLIDES IN GROUNDWATER, pCdL 
UHSU 

I I 

IU 

I 
I 

Bknd 95% % o u 2  data 

UTL (1) > 95% UTL 
OU-2 Detected B Y  DF ,/ 6 M y t e  M n  Max 

Amencium-24 1 0 0 0 1  21 3 10/10 $$' %%& NE * 
f " * "  * 

plUtONUm-239/240 00003 081 lo&? - + 
Rahum-226 0 12 2 82 63/34 0 43 086 9 3  
Stront1um-89/90 0 09 2 14 $e 164198 -- NE * 

- \%?P * 
Cesium- 13 7(2) 0 25 1 5  9/29 '6 r? 

TlltlUm * 
Urmum-23 3/234 
Ura111~m-23 5 

(1) Background Geochermcal Clwactenzadq 

Background UTLs are calculated using 

DF = Detecuon frequency (no,de 

i 
Sheet 1 of 1 1 

i 
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TABLE A-5 
ROCKY F'LATS PLANT OU-2 

95% UTL COMPARISON 
METALS IN SUBSURFACE SOIL, mgkg 

Note An error has been noted m the background data that IS lkely to affect the results of the 
background companson The error is bemg corrected and new res&, wdl be prowded m the rewsed 

draft of this document L 

OU-2 Detected % of 0u-2 data 

Analyte rn Max DF % > 95% UTL (2) 
Almnum 1190 70,600 100 4- 
Anbmony 4 24 4 /y,900 
h S e N C  0 37 94 42 
BNlW 10 1899 83 544 
Beryllium 0 23 47 * \  &o 

Chromlum 2 127 ~ 98 ?m$\> 
cobalt 1 74 *\\ e* 9,rnh" 

43, $90 
* a ,  

cadmrum 1 10 
Cesium 1 5 9 1 '+.19&$@ 

83'90 
30 Lead 1 86 

Llthlum 1 25 ' 9 1  5,820 
Manganese 4 //-"hilo $00 233,000 
Mercury ,a 114 20 i 0 64 
Molybdenum #k. 4 4,730 
Nickel g;,'lk\ - 13,500 
Selemum 
Silver M *4$$ 'k&% %+\ 13 1,980 

?$ "., %$$ 82 19,800 Strontlun, *J 

Thallim 0 1 12 5 
Tin \ 22 56 24 19,800 

61 97 20,000 
Zinc %% %%, '4 437 98 34.000 
vanadlh "% 

-\ 

-%, 

3 132 'k m- 
P 

226 
z Copper 

\ 

I t  

/ 

*s : 2  7 12 , 4 G  - -% 

"-, 
9 

1,2%079\% 
2,14?'\ ' 

12 
9,815 
297 
178 

35,629 
2,213 
1,782 
1,547 
25 

1,053 
41,850 
0 35 
859 

2,432 
7 

358 
3,617 

3 
3,588 
3,602 
6.1 16 

0 
0 
13 
0 
0 
0 
0 

0 

0 
0 
2 
0 

0 
1 3  
0 
0 

0 
0 

0 

0 
0 

0 

0 

(1) Background Geochemcal Charactenzatron Report, Rocky Flats Plant, EG&G 1992 
(2) UTL Cornpanson is performed using the detmon l i n t  for results reported as nondetect 

Therefore, the -mum detected value in OU-2 can be below the 95% UTL of background even 
though the UTL cornpanson shows that a certzun percentage of OU-2 data exceeds the 95% UTL 
of background 

DF = Detectlon frequency 

Sheet 1 of 1 
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TABLE A-6 
ROCKY FLATS PLANT OU-2 

95% UTL COMPARISON 
RADIONUCLIDES IN SUBSURFACE SOIL, pCdg 

OU-2 Detected Bknd Bknd 95% % of OU-2 data 
M Y t e  Mn Max DF% Max m(1) >95% UTL 
Amencium-24 1 0 25 83 - NE * 
Cesl~m-134 ND - 4 s  NE 
Ce~lUm-137 0 2 4  66 i - / 8*Qb2 50 

9 

Plutonium-239 0 10 100 < *  ‘*\.@\%* * 
% 

Plutomum-239/240 0 68 85 p &% * 
M i 

Ra&~m-226 0 1 9  90 1 3  1 3  4 1  
Ra&~m-228 0 2 6  AOQ# 2 2  2 0  9 

1 9  0 

NE (2) 

StrontIum-89/90 0 002 
Stront~um-90 0 01 0 9  % % /  si - 
TntIum (pCdL) 10 1500 %i. % 440 402 1 10 

/4 v- P e2 
Uranium-233/234 
Uranium-23 5 

Uramum-235/236 

lats Plant, EGBtG, 1992 
concentrahon for StrontIum-89/90 

+\% 2 DF = Detection frequenqf 
ND = not detected 
NE = not evaluated Data 1 calculate 95% UTL 

%$ 
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TABLE A-7 
ROCKY FIATS PLANT OU-2 

95% UTL COMPARISON 
METALS IN SURFACE SOIL, mg/kg 

PRELIMINARY (See Note) 

ou-2 Detected Bknd Bkad 98% % of ou-2 data 
Mm Max DF Max iuTI! (1) >95% uTL(2) Analyte 

Aluminum 8170 16200 919 0 
Anumony ND 019 - 
Arsenic 3 2  6 1  919 0 
BiUlum 88 3 167 919 0 
Beryllium ND 019 11  132 - 
Cadmium ND 019 9 1 08 - 
Cesium ND 019 / 3 4% 3 26 

Cobalt 4 6  8 1  0 

i 

Chromium 9 2  15 5 919 kir '\h j 26 4 0 

Copper 9 9  13 8 0 
Lead 2 48 /' 0 

0 
769 23 0 

Mercury 0 085 - 
3 32 - 
22 25 0 

Molybdenum 

0 9  0 
Nickel 
S e 1 e tll u m 
Silver 1 4  - 
Stronuum 103 7 0 

% 

% %  --# 

Lithuim 5 3  15 1 
Manganese 192 354 y 9  % # &  a 734 

Thallium ~~ 0 44 0 

66 92 0 Tin 
VanadiuM 23 7 33 5 919 46 53 19 0 
Zinc 38 7 75 8 919 90 109 49 0 

s 

r d t  of surface soil results for metals were available at the time tlus technrcal 
a" These results are therefore prelimnary Surface soil data wll 

be reevaluated when k t a  become available 
( 1) Background Geochemical Charactenzation Report, Rocky Flats Plant EG&G, 1992 
(2) UTL companson is performed using the detectron limit for results reported as 

nondetect Therefore, the maximum detected value in OU-2 can be below the 95% UTL of background 
even though the UTL companson shows that a certain percenlage of OU-2 data exceeds the 95% UTL 
of background 

DF = Detectron frequency (no detectdno samples) 
ND = not detected 

Sheet 1 of 1 
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TABLE A-8 
ROCKY FLATS PLANT OU-2 

95% UTL COMPARISON 
RADIONUCLIDES IN SURFACE SOIL, pCdg 

PRELIMINARY (See Note) 

ou-2 Detected Bknd 95% % of OU-2 data 

Cesium- 134 ND * 
Cesium-137 
Plutolllum-239/240 0 04 1 1000 5 y 1 .  0 08 0 09 95 
Radl~m-226 0 71 1 1  8 25/25 1 1  1 54 5 
Radl~m-228 

NE = Not evaluated Data insufficient to calc 
ND = Not detected 
* Comparison cannot be made 

Note Not all surface soil 
was prepared These resu 
become avadable 

k a  
'%, d* 

at the time this technical memorandum 
soil data wdl be re-evaluated when all data 

Sheet 1 of 1 
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APPENDIX B 
RISK-BASED EVALUATION OF LOW FREQUENCY CHEMICALS 

B.l PURPOSE AND APPROACH 

The chemicals of concern evaluated m a quantitative h u h m  health rlsk assessment are the 
subset of all chemvcals found on-site that are thought 90 god&,fhe greatest potential rISk to 

4 $%" 
J 
kf 

$ \  

human health The determmation that these che 
generally based on an evaluation of the followin 

test potential ruk IS 

% 

0 The mherent tomcity of the c$x$cal, 

,@* \ 
\* / 
%?% %\ 

0 The concentrations of th+ehqai*fc$nd on-site, and 

0 The potentlal for chemical (e g , whether or not the 

In general, compounds found at I%&egue 
chemicals of concern 
frequency compounds 

of all samples) are not included as 
the potetialgor human exposure IS h i t e d  However, all low- 

ures shown m Figure 2-1 so as not 
te significantly to r s k  d they were 

compounds at source areas or at locations where 

tially excluded from the chemicals 
of detection, using a health-based screenmg approach A 

screemg evaluation was performed for all low-frequency chemicals for which tomcity values 
w e r e k v a w l e  As a kqchmark, it was assumed that any low-frequency chemical whose 

as greater than 1000 times a rlsk-based concentration (RBC) based 
HI) of 1 0 or target cancer rlsk of lod (1,000,000) warrants further 

evaluation The p G o s e  is to identify those low-frequency chemicals that may pose an 
unacceptable health risk (cancer or non-cancer) rf chronic exposure were to occur These 
chemicals are retamed for separate evaluation in the risk assessment as "special case" chemicals 
of concern Smce they are not characteristic of contamination m OU-2, rlsk wrll be assessed 
separately at the locations where the special case low frequency chemicals are found 

%% % 
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RBCs were calculated assuming a residential exposure scenario, using site-specific exposure 
assumptions, and using standard toxicity values (RfDs and SFs) supphed by EPA For surface 
sods and subsurface sods, multiple pathway exposure was assumed (mgestion, dermal contact, 
and inhalation of particulates) m calculatmg RBCs Exposure was evaluated for mgestion only 
for groundwater, smce this was assumed to be the only major gmqndwater exposure route The 
parameters used to evaluate potential exposure (and to calcdad mtake factors) are presented 
rn Tables B-1 through B-4 These parameters were p osure Assessment 
Technical Memorandum No 5 (DOE 1993) TOXIC 
HEAST (1991 and 1992), and are summarlzed RBCs were then 
multiphed by 1000 to generate the screenmg conwn 

n $8 

I 

I t 

Note on dermal absorption of organics frornhg 
P 

fraction of organic compounds 
through skin Percent absorbed 

ntammant concentration, duration 
ther the experunent is conducted 

an upperbound estimate of absorption 
assumed to be 10 percent These rates 

adhered to sod particles that partitions to 
depends upon sod loadmg, organic carbon conten 
of exposure, anunal species used4 
in vitro or 111 vivo For purposes o'f$h 

are based on experun 

medium' The expe B-5, Percent Dermal Absorption J 

r in crude od, and adjusting the I 
wed retardmg effect of the sod 

tion rates range from 3 to 51 percent at 24 hours 
percent, and the 95 percent UCL on the mean rate 

unt for site-specific exposure 
osed individual showers withm 12 hours of exposure, and 

d (Yang et a1 1989, Wester et 
are adjusted by a factor of 0 5 

The arithmetic 

for a Qhokexposure an@ 0 2 for the sod matrlx effect Resulting absorption rates are 
% r- 

2 = 1 7  percent 
'k 

In recent guidance on dermal exposure assessments (EPA 1592b), EPA has declined to recommend an absorption rate for B(a)P 
is soil because of the vanability in expenmental conditions and results and the difficulty in extrapolating from high sol1 loadings 
(e g , tens of mg/cmz) under expenmental conditions to I w r  loading (e g , 1 mg/cm3 typical of human exposures (EPA 1992b) 
(B(a)P at concentrations of 1 and 10 mg/kg and sot1 loadings of 40 to 56 mg/cm, ewpenmental rcsults for pcmnt absorbed at 
24 hours ranges from 1 percent [Yang et a1 19891 to 13 pemnt [wester et a1 19901) 

(4034 26ww)49-yo) (Apx.B) (07/19/93 10JS.m) B-2 
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It should be noted that B(a)P is one of the more hpophhc of the polycychc aromatic 
hydrocarbons, and therefore it may be absorbed at a higher rate than a number of other organic 
chemicals of concern Also, the use of dermal absorption values obtained in experimental 
anunal studies wdl almost always result in a conservative ( i e ,  higher) estunate of dermal 
absorbed dose m humans (EPA 1992b) Therefore, the derml absorption rate used m thls 
analyses (10 percent) is concluded to be a reasonable conservative estunate of a reasonable 
maximum rate of dermal absorption of organic compoun#s &m sod 

B.2 GROUNDWATER 

Twenty-sm VOCs and SVOCs were reported at bv&equency ( < 5% detection) ~fl groundwater 
samples Table B-6 presents a comparison bf the mmmum detected concentrations to the 
health-based screening criteria (both cancer ipid no-ncer) and presents the equations used 
to develop the screenmg mncen maxunum detected concentration 
was greater than 1000 tunes eithe er RBCs were retamed for further 
evaluation as potential chemicals he comparison to screenmg-level 
concentrations, two chemicals, A vmyl chloride, were identlfied as 
requmng further evaluation in t assessment as potential chemicals of 
concern (see Section 3 5) 

*.-, 
f % \ %  ~ “%.* 

1 *%\ 

”*\< 

a, % 
- ” ,  

c 

/# ,@@*% \ 

/-% > 
B 3  SOIL 

Organic compound dtecte 
m surface sods a 

3 
/ f  s k /9 

percent frequency m subsurface sod samples and 
B-8 Table B-6 (carcinogenic effects) presents a 

etected concentrations m subsurface and surface sods to the 
and presents the equations used to develop the 

a simdar comparison for non-carcinogenic effects 

“a 
A s  withqomdwater, chcrm‘cals whose maximum detected concentration was greater than 1000 
tunes eitheyqhebqnced&fion-cancer risk-based screenmg concentration were retained further 
evaluation as p%e&alp.ihemicals of concern Based on this evaluation, no low frequency 
chemicals found in‘ &face or subsurface sods faded the screening evaluation (e g , no low 
frequency chemicals in sods were identified as potential chemicals of concern) 

-4, 

4, 
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TABLE B-1 
ROCKY FLATS PLANT OU-2 

HYPOTHETICAL FUTURE ON-SITE RESIDENT 
UHSU GROUNDWATER INGESTION 

Intake Factor = x EF x E D f F I  
B W x A T  k 

Parameter RME 
IR 

EF 

30 ED Exposure duration (years)(') J <f 

FI Fraction mgested from contamwiatd source 10  
P 

J\ 
d i  B BW Body weight (kg) "\h i 

AT 

IF 

Averagmg tune (days) 
Noncarcmogenic 

70 

10,950 
25,550 

0 027 
0 0117 

Sheet 1 of 1 
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TABLE B-2 
ROCKY FLATS PLANT OU-2 

SOIL INGESTION 
CURRENT OFF-SITE RESIDENT (ADULT AND CHILD)"' 

< I 

Parameter %* RME 

IR 
FI 

ME 
EF 
ED 
CF 
BW 
AT 

IF 

-\* **\ 
Ingestion rate (mg/day)(') % "., 

Fraction mgested fro 

Matrlx effecto 

Carcmagemic 

Adult Chdd 

100 200 

0 5  0 5  

1 0  

350 350 

24 6 

lod 10" 

70 15 

10,950 
25,550 

1 8  x 10" 
7 8 x  10' - 

-a 

residential exporure to soil IS dnnded into two pans First, a suc-year exposure duration IL 
and thls accounts for the penod of Lghest soil ingestion (200 mg/day) and lowest body weight 

r exporun duration is rssesscd for older children and adults by using a lowcr soil ingestion rate 
t body weight (70 kg) (EPA 1991b) 

nt of the sod ingested daily in from the contaminated source 
P) The matnx effect dePenba the reduced avadability due to adsorption of chemicals to soil or food compared to the same doK 

administered orally in solution Therefore, the soil matnx has the effect of reduang the intake of the compound A matnx 
effect of 1 0  (100 percent absorption) IS uscd unless as a comervatwe value for screening purposes 

Sheet 1 of 1 



TABLE B-3 
ROCKY FLATS PLANT OU-2 

CURRENT OFF-SITE RESIDENT 
DERMAL CONTACT WITH SURFACE SOIL 

Intake Factor = SA x AB X A F X  FC x E P ~  ED x CF 
BWxAT </' 9 

Parameter 
f 

& \  RME 

SA 

AB 
AF 
FC 
EF 

ED 

CF 
BW 
AT 

I *  
/_I  $J i * 

*v** -%e 
/ 

Surface area (cmZ)(l) 
Absorption factod2) L y' 1",,2%> 

-% 
i 

8 
Adherence factor (mg/~m')(~) 

Fraction contacted from con tamhgted source(4) 

Exposure frequency (days/ypr)$, 

Exposure duration (years)@) 

Conversion factor (kg/mg) 

Body weight (kg) t 

R., 
6% z 

% s  

"%. 

%/ 
"., XL 

* ?--\ ----"-% 

Averagmg tune (daysf. /--%,& 

"r 

-%- \ 

"y 

Noncarcrnogenic ' 8  

Carcmogenic 2 

IF 
&I 

2,910 

0 1  

0 5  

0 5  

350 

30 

10" 

70 

10,950 
25,550 

1 0  x lod 
4 3 x  10' - I' 

face, forearms, and hands, or 15 percent of total body surface @PA 

a sod matnx IS neglgble (EPA 1991a) For scree- purposes, the 

,- "a 

(1) 

(2) 

i , volatlles, and other orgma rs assumed to be 10 percent (see Table E 

Source Sedmap 1989 
(4) The FC assumes that residents are at home for 16 hours per day and are at work, school, or other locations 

qqr 8 hours per kay 
(5) Ass\rgnes that rtsi&nts take 15 days per year vacation (EPA 1991b) 
(6) GPd 1991b 

% 

- * y  

\ i 

, " f l  

(4lU4-2%3-77T)(R7rB 3)(07 1943(1L06pm) - -  
I &  
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TABLE B-4 

INHALATION OF PARTICULATES 
ROCKY FLATS PLANT OU-2 

CURRENT OFF-SITE RESIDENT 

Intake Factor = IR x E T x EF x ED% DF 
BWXATY 

Parameter RME 

0 83 
B* 

/' % * ** 
IR = Inhalation rate (m3/hr)(') , "., %%% 

ET = Exposure tune (hours/day) -'% \ 24 
> "* 

EF = Exposure frequency (days/year)(') ' 350 
/ I 

ED = Exposure duration (years)(') 

DF = Deposition factor(3) 

A 

? 9% 

Y* 7 

& (  

% 

BW = Body weight (kg) b 1" 

""., ".., 
AT = Averagmg tune (days) "., 

N o n c a r c m o g e n d ~ ~ b  \" 
Carcmogenic \%\ -------%e 

30 

0 75 

70 

10,950 
25,550 

Intake Factor (m3/kg-&y) ,f---- 

2 0 x 1 0 '  Noncarcmogeruc I 

8 8 x  lo2 * a  P , 

IF 
I 

C a r c m o m  I %, 

s are depoated and remam m the lung, it is assumed that all 

c 

Sheet 1 of 1 I 
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TABLE B-5 
ROCKY FLATS PLANT OU-2 

PERCENT DERMAL ABSORPTION OF BENZO(A)PYRENE AT 24 HOURS 

~ ~~ 

% BaF' Absorbed 
Source' at 24 hr Preuaration "? Vehcle Dose 

i Yang et al 1986 6 Rat 111 wvo f Acetone 9-10 Ug/Cmz 

Yang et al 1989 6 111 90 %/a2 

12 1 ppm B ~ F J ~ I I  90 %/az 

Kao et al 1984 Acetone 1 u g / d  

Kao et al 1985 Acetone 2 Ug/cmz 

17 Rat m wtro 9-10 ~ g / d  

crude od 

Kao et al 1988 

Wester 1990 

9 

3-k 95% UCL 
% Absorbed i -  

\ 

Kao et al 1984 
Kao et al 1985 
Kao et al 1986 

Yang et al 
Wester et 

:cO10gy 75 289-298 
acology 81 502-516 
acology 94 93-103 

Yang et al t d  Health 2 409-416 
ental Contamrnants and Toxlcology 43 207-214 
pked Toxrcology 15 510-516 

a 
(l) 'Tlk"ated studl& &e from the references ated m EPA 1992 Dermal Exposure Assessment 

qpaples and ApphwtIons (EPA/800/8-91/011B) Studles not ated in thu table mclude those 
cohlycted m pre$o&ly frozen bsue and Sanders et al 1984 (m wvo percutaneous absorpbon of 

latter was excluded because mouse skrn has been shown to be 2 5 to 5 tunes 
ther speaes, rncludmg humans (Kao et al 1985, as cited 111 EPA 1992 

' 

Pmaples and Apphcabons) 
D 
I 
I 
D __ 

I 
-/ 

(4WabMo19-SUl(RT ES)(O7 l W ( S  14pm) Sheet 1 of 1 
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APPENDIX C 

OU 2 DOMESTIC WATER SUPPLY SIMUWTIONS 
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OU-2 Domestic Water Supply Simulations 

' I  

I 
ID... 

I NTRO D U CTI 0 

To investigate the water production capabilities of the near surface 
hydrostratigraphic units beneath Operable-unit 2 at the &,cky Flats Plant several 
transient pumping computer simulations were performed. These simulations were 
designed to determine whether these units could prodkysufficient water to supply 
a hypothetical four-member household. A daily pum irement of 240 gallons 
per day (gpd) was assumed based on a daily wat of 60 gallons per 
person 

Independent simulations were perform@ d r  three different kydrostratigraphic 
units Models were constructed for the Fo$y Flats Alluvium, hillslope colluvial 
materials, and an unconfined Arapahoe presenting the #1 sandstone 
beneath OU-2. The Rocky Flats Alluvi colluvial materials were not 
considered reliable water sources but in the simulations since they 
comprise the upper-most hydrostrati have been impacted by plant 
activities The Arapahoe sandston ecause it was considered to 
be the best prospect for p rod4 Arapahoe Formation. The 
claystones of the Arapahoe formatao dered good prospects for water 
and as such were not modeled. 

a 

s -\a t 
1 

4 &a * 4- - "; i 

using the USGS MODFLOW groundwater flow 
Harbaugh, 1988). Input parameters common to 

Separate simulations were done for the Rocky 
Flats Allu\siu@, hillslope call@vium and the Arapahoe sand unit. A listing of the input 

given in tables 2, 3, and 4. Simulations were run 
pi1 the pumping-well grid cell went dry or the end of the 

Each day of the transient simulation was divided into two periods and each 
period was divided into two timesteps. The first 2.7 hours of each day was used as 
a pumping period. It was assumed that the household maintained water storage 
capabilities and that this pumping period was used to replenish the water storage 

+% 
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OW2 Domestic Water Supply Simulations 

i f  

Water Requireqem 

Pumping Rate 

Pumping Time per Day 

X to Y AnisotroDv 

d 

8 
I 

240 gpd 

1 5  gpm Assumed 

2.7 hrs 

1 (isotropic) Assumed 

Based on 60 gal/person/day 

Based on pumping rate 

E 
1 
1 
1 
D 
I 
I 
I 
D 
I 
I 
I -  

system. A pumping rate of 1.5 gpm was used. This rate is below the 3-5 gpm rate 
commonly used for domestic wells and as such is conservative. The pumping period 
was based on the total daily water requirement (240 gal.) and the pumping rate (1.5 
gpm) 

240 gaV(l.5 gal/min 60 min/hr) = 2.7 h q  

The remaining 21.3 hours of each day allowed water level recovery to take place. 

The pumping well was located at the center 94 W ell array. A variable 
grid spacing ranging from 5 feet at the well to 50 $&at 8s was used to 
provide realistic drawdown conditions near th? &MI. acing for each 
scenario are given in tables 2, 3, and 4. 

j <  

Boundary conditions were either coqdarrt head (equal to  the initial head) or no- 
flow depending on the scenario. For the Rocky Fjd$ Alluvium and hillslope colluvium 
scenarios constant head boundaries wer&qs&aQ6ll boundaries. For the Arapahoe 
sandstone simulation the modeling grid wa ed to represent a discontinuous 
channel sand deposit. To imple n no-flow boundaries were 
placed along two parallel sides of head boundaries along the 
other two sides 

I 

P 
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OU-2 Domestic Wstw Supply Simulations 

ROCKY FLATS ALLU VlUM SCENARIO 

1 

ll 
! I  
' I  

Scenario specific parameters for the Rocky Flats Alluvium simulation are given 
in table 2. The modeling grid for this scenario consisted of a 19 by 19 grid cell array 
with the pumping well at the center of the grid and constant head boundaries (equal 
to the initial head) along each edge of the grid. The gridspacing In feet for the x and 
y directions increased from the well as follows 5,,-7-1 @1$-25-35-50-50-50-50- 
(see figure 1 ) The hydraulic conductivity value c o w s  horn the recent OU-2 aquifer 
pump testing program. The value used represent tric mean of the results 
from two test locations. The specific yield c ses of core samples 
and example values from the literature for fin s (Fetter, 1980, pg. 
68). The initial saturated thickness repres ge for well 1787 
which is within OU-2. During initial pumq I was observed to  
have the greatest alluvial saturated thicknmmnd therefore should represent the most 

@ /"ev 

reliable OU-2 alluvial water source 
e $2 

".. %% 

TabN2 %*., 

Modeling Parameters for h%q 

* t  - 
'% >"%, b 

// Results % +% s 

For the dhkyI'Flats Alluvium scenario the pumping-well grid cell went dry 
within one to two hours after pumping started on the first day of the simulation. 
These results are consistent with the low pumping rates (0.3 - 0 056 gpm) required 
during field pump testing to avoid excessive drawdown. 

3 
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OW2 Domestic Water Supply Simulstron~ 

Aglrre 7. figure shows 114 (upper right-hand quadrant) of an example model Q f i d  
In model well Is at center of grld. Grid spaclngs in feet The number of grid nodes 
for each model may differ, but grid spacings are sidlar Not to scale. 
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OW2 Domestic Water Supply Simulations 

HILLSLOPE C O W  VlUM SCFNAR IQ 

Scenario specific parameters for the hillslope colluvium simulation are given in 
table 3. The modeling grid for this scenario consisted of a 19 by 19 grid cell array 
with the pumping well at the center of the grid and constant head boundaries (equal 
to the initial head) along each edge of the grid. The grid sRacing in feet in the x and 
y directions increased from the well as follows 5,,-7-10-1 S-2&35-50-50-50-50-w 
(see figure 1).  Because there were no hydraulic cmwctivi ty values for OU-2 
colluvium, data from slug-tests in colluvial material froTfRbOU-l were used. These 
values should be representative of conditi 
physically adjacent to each other. The speci 
samples and example values from the literat 
1980, pg 68). The initial saturated thicknes for well 0687 
which is within OU-2. Comparisons icate this well has 
historically had relatively large saturate and would therefore represent 
conditions most promising for OU-2 col 

-w,+ % 

Table 3 ”.., $‘\- 

For the hillslopecolluvwm scenario the purnping-well grid cell went dry within 
one hour after pumping started on the first day of the simulation. This is consistent 
with the low hydraulic conductivity and small saturated thickness observed for 
colluvial materials. 
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ARAPAHOE SA NDSTONE SCENARIO 

Scenario specific parameters for the Arapahoe Sandstone simulation are given 
in table 4. The modeling grid for this scenario consisted of a grid cell array of 23 
rows by 31 columns with the pumping well at the center of the grid. The rectangular 
shape of the modeling grid represents the elongate physi hape of the sandstone 
unit as reconstructed from borehole information. Consta d boundaries (equal to  
the initial head) were used along the first and last colBm!xs of the grid with no-flow 
boundaries set along the other two edges. The 
directions increased from the well as 
(see figure 1). The hydraulic conductivity 
testing. The specific yield IS assumed equal 
this sandstone from the OU-2 tracer test p 
represents the historic average for well 368 
test program for the #1 Arapahoe S 

urated thickness 

Modeling Par 

i I Assumed 
Boundafy Conditions 1 

d Results 
For the Arapahoe Sandstone scenario the pumping well was able to meet the 

water requirement without dewatering the pumping-well grid cell The maximum draw 
down observed at the pumping well after 365 days was 3 2 feet indicating that the 
aquifer was not highly stressed at this pumping rate. These results are consistent 

6 
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OU-2 Domestic Water Supply Simulations 

with OU-2 aquifer testing that resulted tn approximately seven feet of draw down 
after five days of continuous pumping at 1.6 gpm. 

SUMMARY..OFGS IN 
*/ 

Based on groundwater flow simulation results nerthTr the Rocky Flats Alluvium 
nor the hillslope colluvium materials within OU-2 are kapa$le of producing sufficient 
water to support a four-member household consumg per day. Using a 
2.7 hour daily pumping period and a rate of l.!Qpn, alluvium and the 
colluvium wells would be pumped dry within one aay (ta contrast, a well 
within the Arapahoe sandstone beneath OU-2 @&Id appear to provlde a reliable water 
resource at the required rates given abova The well grid-point in this simulation 
experienced only minimal drawdown aftergom year of daily-pumping cycles. 

, 

PRODUCTION 

eMe'water resource potential for the OU-2 Arapahoe sandstone 
unit the total water"avai1able from this unit was computed (table 6). The average 
spatial dimensions of the sandstone unit were taken from isopach maps constructed 
from well and borehole Information. The average saturated thickness is an assumed 
value derived from observational water level data and sandstone thickness 
information. The specific yield IS assumed equal to the effective porosity as used 

7 
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c 
I 

I 

above 
Assuming an annual water requirement of 2,920 cubic feet (equivalent to 60 

gal/day 365 days) there appears to be sufficient water volume in the sand to 
support ten four-person families for approximately 54 years (6,300,000 cu ft / (2,920 
cu ft/person/year 40 persons) = 53 9 years). This assumes complete desaturation 
of the aquifer (which is virtually impossible) and does not+count for any external 
recharge to the aquifer. 

c 

Table 6 
P 

Arapahoe Sandstone Water Ftqource Evalu 
d 

f , f  ' P  

D ESCRl PTI 0 N UNITS 
/ *  

Length of sand b*.~*~,wO ft 

I Width of sand 1 
11 Sat thickness of & 

I1 Speac  yield r"., p, 0.12 I 

I 

@ - *  
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DISSOLVED METALS AND RADIONUCLIDES 
IN THE NO 1 SANDSTONE 

BACKGROUND COMPARISON 

( OW A 0045 540) fAp U) (07’19 5 3 02pm) 



TABLE D-1 
ROCKY FLATS PLANT OU-2 

95% UTL COMPARISON 
DISSOLVED METALS IN GROUNDWATER, pg/L 

NO. 1 SANDSTONE , 

Alurmnum 
Anbmony 
ArSeIllC 

BalWItl 

Beryllium 
Cadrmum 
Cesium 
chromum 
Cobalt 

Copper 
Lead 
Lltluum 

Manganese 
Mercury 
Molybdenum 
Nickel 
Seletuum 
Silver 

ou-2 Detected Bknd Ba&&ound % of ou-2 data 

Analyte Mln Max DF % Max .: 959MJTL (1) > 95% uTL(2) f J  

2561' // \*49$\\. 2 
".., 5 

20 367 85 
9 56 15 60 '"% ' 52-".% ".8, 

6 9 
100 %I 

1 98 P y"". 
30 100 19%""., h M d  

1 1 
82 352 

* j l  

1 3 5 ,if 5 

1 1240 30 

6 
10 

8 %  "., 

174 
4 

5 

759 
13 
36 
20 
5 

112 
27 

064 
63 
30 
5 
10 

0 
82 
0 

2 
0 
8 

0 
0 
0 
0 

28 
0 
0 

0 
2 
0 

1050 1026 0 

10 9 0 

100 75 1 

I 10 76 50 36 2 
i 

3 
zinc 2 ,, 56 69 81 40 5 

dcal Charactenzahon Report, Rocky Flats Plant EG&G 1992 
(2) UTL cornpanson is performed using the detmon limt for results reported as nondetect 

Therefore, the m8xlrnum detected value in OU-2 can be below the 95% UTL of background even through 
the UTL cornpanson shows that a certlun percentage of OU-2 data exceeds the 95% UTL 
of background 

DF = Detmon fresuency 



TABLE D-2 
ROCKY FLATS PLANT OU-2 

95% UTL COMPARISON 
DISSOLVED RADIONUCLIDES IN GROUNDWATER, pCdL 

NO 1 SANDSTONE 
". 

Bknd 95% % ou-2data OU-2 Detected B Y .  
Analyte Mrsl Max DF &ax -%% UTL (1) > 95% UTL 
Amencium-24 1 0 005 0 04 4/4 x- *'gz NE * 
Ce~l~m-l37(2) 0 2  15  5/12 % - L'g w\ 
Plutomum-239/240 0 0006 0 01 4/6 A NB * 
Radr~m-226 0 3  1 0  1g19 0 43 0 86 5 3  
SttOntmn-89/90 0 02 1 6  $7061 - NE * 
Tntnun 6 7  740 , dJ87 8ek' - NE * 
U ~ ~ m - 2 3 3 / 2 3 4  0 67 12 9Qllkf l ;  ' 1995 142 00 0 

'h v * 114 

\ 

\ *  

UWW-23 5 

Note No background data for donuclides in 
are avadable Background UTLs are calculated 
alluvlum and collwum 

(2) Includes "total radmcive cesium" 
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